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From the flake to the blade: 
Technological evolution of the Middle Paleolithic blade phenomenon. 
Abstract 
The European Middle Paleolithic technocomplex shows some large chronological trends in the 
lithic industry changes, and also an internal technical diversity which is difficult to explain in a 
homogeneous framework. 
We introduce a technological perspective to go through this technical diversity, based on the 
comparison of four Mousterian sequences: Bau de l’Aubesier and Payre in southern-east France, 
Riparo Tagliente in northern Italy and Grotta del Cavallo in southern Italy.  
In the technological mosaic, which is the peculiarity of the European Middle Paleolithic, blade 
production assumes a not clear role. Technical analyses made on the sites mentioned above 
show a complex and discountinuos blade reduction strategies. In a comparative perspective, 
technical changes don’t appear at the same rhythm in the four sequences. At Bau de l’Aubesier 
and Payre different technological features has been recognized.  At Payre dominance of 
production of flakes is in contrast with the association of blade and flakes end-products 
recognized at Bau de l’Aubesier.  This variability does not seem to be linked to external factors 
such as the raw materials or other activities.  
Riparo Tagliente and Grotta del Cavallo share a combination of Levallois and laminar 
production aimed to produce distinct end products.  Finally, a bladelets production recognized 
at Bau de l’Aubesier during the MIS 5 and later on at Grotta del Cavallo during the MIS 4-3 
display a non-linear technological evolution through time and space.   
We suggest that these different change modalities are the result of a deeper techno-cultural 
diversity of human groups populating the southern Europe during the Middle Paleolithic.  
Keywords: Southern Europe, Middle Paleolithic, Blade, Bladelets, Technological evolution. 
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Resum 
Des de l'ascla fins la làmina: L'evolució tecnològica de la tendència laminar del 
Paleolític Mitjà 
El tecno-complex europeu del Paleolític Mitja mostra grans tendències cronològiques en els 
canvis de la industria lítica i una diversitat tècnica interna que és difícil d’explicar dins d’un 
marc homogeni. 
Aquest treball introdueix una perspectiva tecnològica per entendre aquesta diversitat tècnica, 
basant-se en la comparació de quatre seqüencies mosterianes:  Bau de l’Aubesier and Payre, al 
sud-est de França, Riparo Tagliente al nord d’Itàlia i Grotta del Cavallo al sud d’Itàlia.  
Dins del mosaic tecnològic, que és el principal tret del Paleolític Mitja europeu, la producció 
laminar assumeix un paper poc clar. Les anàlisis tècniques dels complexos industrials 
recuperats a tots quatre jaciments mostren una discontinuïtat de les estratègies de reducció 
laminar. Des de un punt de vista comparatiu, però, els canvis tècnics no apareixen amb el mateix 
ritme a les quatre seqüencies.  
A Bau de l’Aubesier i a Payre es van reconèixer diferents característiques tècniques. A Payre 
el predomini de la producció d’ascles contrasta amb l’associació de làmines i ascles  com a 
productes finals reconeguts a  Bau de l’Aubesier.  Aquesta variabilitat no sembla estar 
relacionada amb factors externs com poden ser les matèries primes o altres activitats. 
D’altra banda, els jaciments de Riparo Tagliente i de la Grotta del Cavallo comparteixen una 
combinació de la producció Levallois i laminar adreçades a la generació de productes finals 
diferents.  
Finalment, una producció de laminetes  reconeguda a Bau de l’Aubesier durant el MIS5 i més 
tard a la Grotta del Cavallo durant el MIS 4-3, presenta una evolució tecnològica no lineal a 
través del temps i de l’espai. 
Proposem que aquestes diferents modalitats de canvi són el resultat de una profunda diversitat 
tecnològica dels grups humans que van poblar el sud del continent europeu durant el Paleolític 
Mitjà . 
Paraula clau: Europa del Sud, Paleolític Mitja, Làmina, Evolució tecnològic. 
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De la lasca a la lámina: 
 Evolución tecnológica del fenómeno laminar del Paleolítico Medio 
Resumen 
Los tecnocomplejos Europeos del Paleolítico Medio muestran grandes tendencias cronológicas 
en los cambios de la industria lítica, y también una diversidad técnica interna que es difícil de 
explicar dentro de un marco homogéneo. 
Para entender esta diversidad técnica, se ha introducido una perspectiva tecnológica basada en 
la comparación de cuatro secuencias musterienses: Bau de l’Aubesier y Payre, en el sudeste de 
Francia; Riparo Tagliente del norte de Italia y Grotta del Cavallo del sur de Italia.  
En el mosaico tecnológico, que es la peculiaridad del Paleolítico Medio Europeo, la producción 
laminar asume un rol poco claro.  
Los análisis tecnológicos de los cuatro sitios analizados, muestran una discontinuidad en la 
estrategia de reducción laminar.  
Desde una perspectiva comparativa, los cambios tecnológicos no aparecen con el mismo ritmo 
en las cuatro secuencias: en Bau de l’Aubesier y Payre distintos rasgos tecnológicos se han 
reconocido.  
En Payre el dominio en la producción de lascas, contrasta con la asociación de láminas y lascas 
como productos finales reconocidos en Bau de l’Aubesier. Esta variabilidad parece no estar 
asociada a factores externos, como materias primas u otras actividades. 
Riparo Tagliente y Grotta del Cavallo presentan una combinación de Levallois y producción 
laminar, dirigida a la elaboración de diferentes productos finales.  
Finalmente, una producción de laminetas es reconocida en Bau de l’Aubesier durante el MIS 
5, y más tarde también, en Grotta del Cavallo durante el MIS 4-3, lo que muestra una evolución 
tecnológica no linear a través del tiempo y del espacio. 
Se sugiere que estas distintas modalidades son el resultado de una profunda diversidad tecno-
cultural de los grupos humanos que poblaban el sudeste europeo durante el Paleolítico Medio. 
Palabra clave: Europa del sur, Paleolític Mitja, Paleolítico Medio, Lamina, Evolución 
tecnológico. 
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This work has been focused on the technological behaviours related to the appearance and 
development of the Middle Paleolithic blade productions in Southern Europe. Evidence of blade 
technology is confirmed in Northern Europe (France, Belgium), at least from the last part of 
the Middle Pleistocene (MIS 7). In MIS  5 these productions cover a larger area, which includes 
the North-Western Germany, central France, and occasionally the South of France. A third 
moment (MIS 4-3) shows us the reappearance of laminar productions in Southern Europe and 
more particularly in the South of France and the Italian peninsula. At the present state of 
research these three phases appear as on-and-off events without a clear evolutionary continuity. 
The reduction strategies used include a variety of production methods whose complexity cannot 
be explained simply with the dichotomy Levallois laminar production – Volumetric laminar 
production. The aim of this research project intends to examine, through a technological 
approach, the lithic assemblages of two sites located in the South of France (Payre and Bau de 
l 'Aubesier) and two in the Italian peninsula (Riparo Tagliente and Grotta del Cavallo). The 
main objective was to study the aspects connected with the laminar systems through a dual 
approach which takes into account the aspects related to the production of blades and their 
coexistence with other type of reduction strategies aimed to produce flakes.  
Simplifying what is produced trough the lithic production, we can in fact identify three 
categories of possible products: flakes and blades, produced by knapping operations (débitage), 
and hand axes (lato sensu) by shaping operations (façonnage). 
If the shaping operations contain a conceptual structure of modelling a morphology from a 
block of raw material, the dichotomy flake-blade, is, at a macroscopic scale, a double variant 
of the same theme, which is the separation of a support from a volume. The presence of a 
laminar production is now widely attested since the Middle Pleistocene and at several latitudes 
(Africa, the Near East and Europe). Since the beginning of its discovery, the Middle Paleolithic 
blade production has attracted the attention of scientific community for many reasons. The 
specific morpho-technical features of blade have acquired a double value; the role of cultural 
marker as technological innovation, and, approaching to the transitional and upper Paleolithic 
industries, of indirect evidence of biological status, i.e. the emergence of the AMH 
(anatomically modern human). 
Despite the current difficulties in clearly defining the laminar phenomenon of the Middle 
Paleolithic, it is possible to draw a synthesis outline. 
If we restrict our study to Europe, it is possible to identify at least three different and non-
continuous presence of blade production. 
The first evidences of laminar productions are found in Northern Europe at end of MIS 8 to the 
MIS 7 (RÉVILLION 1995), both resulting from volumetric débitage reduction syrategies (like 
in the sites of Coquelles, Saint Valery sur Sommes, Bapaume-les Osiers, Terdonne, Rissori), 
and from Levallois productions (like in the sites of Bagarre and Biache-Saint-Vaast). In the 
sites mentioned above, the laminar element assumes rarely a dominant role. On the contrary, 
we find it in conjunction with other production systems, including the most frequent Levallois 
concept débitage. 
In the MIS 5 a second phase arises and the presence of blades in Northern France multiplies. 
Sites like Riencourt lès-Bapaume, Saint- Germain-des-Vaux, Seclin, Bettencourt-Saint-Ouen, 
Blangy-Tronville, Etouteville show a great variability in how to produce blades.  This does not 
allow a specific grouping under a common name. The initial stage of the reduction systems can 
leverage on the preparation of a crested blade or using al long natural ridge of the block. The 
débitage can follow the unidirectional or bidirectional exploitation and raw materials utilized 
include pebbles, nodules or slabs. 
In the same age (MIS 5) we find such productions spread over a larger area: in the North-West 
of Germany, in the sites of Tonchesberg, Reindhalen and Wallertheim and in central France, in 
the sites of Angé and Vinneuf. 
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The current explanation of the origin of these products is not unanimously accepted. In some 
specific cases, some authors have hypothesized a possible opportunistic answer motivated by 
optimizing the use of raw materials (CONARD 1990). However, this constraint cannot be valid 
in areas rich of flint, such as the North of France. Other authors have supposed the reason being 
the response to an environmental crisis (OTTE 1994). The duration and diffusion of the laminar 
phenomenon in different areas however suggest caution in giving a mono-factor explanation to 
its appearance and diffusion. 
A third phase of blade production can be positioning during the MIS 4 and the beginning of 
MIS 3.  
During this period the blade production shows a larger spread which includes the southern and 
the eastern Europe. In southern France, in fact, although this phenomenon would be first 
sporadically tracked in the final stages of MIS 5, it is in the MIS 4 and 3 that it actually takes 
on a certain consistency. Archaeological sites as Abris du Maras, Baume Flandin, Grand 
Champ, Tournal Caves, Grotte du Figuier are some of the most outstanding evidences of this 
third and last laminar insurgence before the rise of the Upper Paleolithic lithic industries. 
As far as the Italian Peninsula is concerned, the laminar production does not show its evidence 
dating back to earlier periods of isotopic stage 4. On the other hand, in Italy the sites holding a 
laminar component seem to be concentrated in the later phases of the Middle Palaeolithic and 
especially in the first part of isotopic stage 3. At the present state of research, the laminar 
phenomenon in the Italian peninsula appears therefore with a certain delay compared to the 
south of France. The geographical distribution of these products does not seem to be confined 
to a territory or a specific environment. We find, in fact, volumetric laminar production in the 
Puglia region at the sites of Santa Croce and Grotta del Cavallo, in Lazio at Cave Breuil, in 
Molise at Grotta Reali, in Veneto at Fumane and Riparo Tagliente and in Liguria at Grotta di 
San Francesco. 
In parallel to the emergence of the laminar volumetric systems, the Levallois concept seems to 
be redirected towards the production of elongated blanks at the expense of the flake modules. 
This phenomenon, as in the blade volumetric production, is found throughout the Italian 
peninsula: in Liguria, in the sites of Riparo Mochi and Barma Grande, in Veneto in the sites of 
Fumane, in Campania in the sites of Riparo del Poggio and Castelcivita, in Puglia in the site of 
Riparo dell’Oscurusciuto. In some cases, the coexistence of the two systems, Levallois and 
Laminar, seems to correspond to distinct production goals. At Grotta del Cavallo the Levallois 
production follows a unidirectional - bidirectional method for the production of sub-
quadrangular flakes, while the volumetric system is dedicated to the production of blades. 
Although the laminar production in the Middle Paleolithic is now proved, the production of 
bladelet seems to be a phenomenon confined to the final stages of the Mousterian cycle and 
numerically marginal. Some bladelet productions are found in Spain, in the site of El Castillo 
and Cueva Morin, in France, in the site of Grand Champ, in Italy in the site of Grotta Cavallo 
and Fumane and, in Germany, in the site of Balver Höhle. 
More generally, we can observe that at the end of the Mousterian cycle the operational patterns 
shows a strong differentiation and the laminar production is one of the most evident 
expressions. The origin of this fragmentation is questionable. In a wider set of problems, the 
role of the blade takes in our opinion a key role, both in terms of its potential morpho-functional 
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Aims of the project and Methodology 
 
 1.1 Structure of the thesis. 
  
The present work is composed by five papers that correspond to the central chapters of this 
thesis (Chapter 2 to 6). Each paper can be considered as a finished work introduced by specific 
questions and methods. Detailed information about the questions and methods used can be 
found on each paper.  To avoid the repetition of the references that would be partially 
overlapped and to facilitate its reading we decided to condense them at the end of the work. 
The final chapter of the thesis (Chapter 7) will be dedicated to resume the results for a final 
discussion.  
 
   
1.2 General questions and objectives 
 
Based on the current state of scientific knowledge description of the Middle Paleolithic, blades 
production is often identified using a binary pattern, which is the distinction between Levallois 
and non Levallois; the latter one is usually related to a volumetric reduction strategies. This 
dichotomy looks reductive compared to the complexity of the blade phenomenon. Furthermore, 
not to forget that the definition of blade substantially includes all the blanks that in an 
undifferentiated way correspond to a mainly morphologic character (Length> 2Width). This 
study is aimed to investigate the variability the blades reduction strategies and their related end 
products to better define the Mousterian blade production bypassing an hylomorphic approach. 
 
Is the actual description of the Middle blade production exhaustive enough to show us the 
technological variability of the blade phenomenon?   
 
The recurrent coexistence of blades and flakes reduction strategies open a question on the 
relation between these two blank categories. One of the main goals was to understand the 
dichotomy flake- blade in relation to their respective reduction strategies by a comparative 
analysis. Did the insurgence of the blades have an impact on the Middle Paleolithic flakes 
strategies? If the answer will be positive how did the introduction of blade inside a previous 
all-flake strategy work?   
 
The laminar phenomenon in Europe spans more than 200,000 years of technological evolution. 
Nevertheless, the blades do not appear at the same time in all the regions. If northern Europe 
shows its presence at least since the MIS 7 is just during the MIS 5 that blades are attested in 
southern Europe. This second insurgence of blades seems to anticipate the same phenomenon 
that will recur in southern Europe just during the isotope stages 4 and 3. Are these three events 
part of a single macro-phenomenon or on the contrary, they spread from different techno-
cultural identity with independent origins? 
These set of issues and objectives have guided the preliminary choice of the collections 
according to two parameters: chronological and geographical. Four lithic assemblages have 
been analysed: Grotta del Cavallo and Riparo Tagliente located in the Italian peninsula and Bau 
de l'Aubesier and Payre located in the south-eastern France (Fig 1) 
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Grotta del Cavallo is a coastal cave located in the south of Italy by the Ionian Sea located 
approximately 10 meters b.s.l. in the Apulia region (Fig 1).  
This cave was first studied by Arturo Palma di Cesnola in 1961 (Palma di Cesnola 1963). In 
the years that followed other excavation campaigns were carried out, these highlighting the 
long Middle and Upper Paleolithic sequences present at the site (Palma di Cesnola 1964, 1965, 
1967). In 1986 , under the direction of Lucia Sarti, the University of Siena re-opened the 
excavations on a larger surface (12 sq. m).  
The site preserves a seven meters thick archaeological deposit, covering a time span ranging 
from MIS 5 to the final Upper Palaeolithic. The bottom layer is a marine interglacial beach 
conglomerate, layer O, MIS 5e (Sarti et al., in press) covered by Mousterian layers, 
approximately four metres thick, layers N-F (Sarti et al., 1998 – 2000 and 2002; Palma di 
Cesnola, 2001), Uluzzian layers, layers E-D (Palma di Cesnola, 1965a and 1966), a sterile 
tephra empirically related to the Campanian Ignimbrite eruption (layer C) and an Epigravettian 
layer (layer B). The laminar production analysed in this work comes from sub-levels FIIIe and 
FIIId and precede the rise of the Uluzzian. The base of the Uluzzian layers has been recently 
dated to 47,530 – 43,000 cal. BP, radiocarbon analysis on shell remains (Benazzi et al., 2011). 
 
Riparo Tagliente is a rock shelter located in the Veneto region in northern Italy (Fig 1). 
It was first excavated in the 1960s by the Museo Civico di Storia Naturale di Verona (Pasa & 
Mezzena 1964; Zorzi 1962; Zorzi & Mezzena 1963) and subsequently in collaboration with the 
University of Ferrara (Bartolomei et al. 1982, 1984). The Mousterian collection under 
examination  comes from these excavations. Research at the site is still ongoing currently under 
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the direction of Federica Fontana from the University of Ferrara. Sediment, macrofaunal, 
microfaunal and pollen analyses date the Mousterian sequence between MIS 4 and the 
beginning of MIS 3 (Arzarello et al. 2007; Cattani & Renault-Miskovsky 1989; Thun-
Hohenstein & Peretto 2005). The stratigraphy, excavated by artificial layer, is composed of a 
Mousterian sequence and an Epigravettian sequence separated by erosion. The 1960s 
excavation procedures, which paid much attention to sedimentary details, have enabled us to 
determine light patterns of internal evolution of the lithic industry. 
 
Bau de l’Aubesier is a large rock shelter located in the gorge de la Nesque, Vaucluse “South-
eastern France” (Fig 1). The site, known since the beginning of the 20th century (Moulin 1903, 
1904), has been extensively excavated starting the 1987 by an international team led by Sergey 
Lebel, then of the University of Quebec, Montreal, Canada (Lebel 2000 a, b). 
The site contains a long sedimentation approximately 13 m deep and covering a time range 
from 100 Ka (thousands of years ago) to more than 200 ka approximately.  
The entire sequence is composed by 14 archaeological levels, which were divided during the 
excavation into several sub layers corresponding to slightly difference in sedimentation. 
Several radiometric dates and faunal analysis positioning the sequence from the end of the MIS 
7 to the MIS 5 (Blackwell et al., 2001; Lebel et al., 2001; Fernandez, 2006). 
 
Payre is a small cave located in the Rhône Valley (South-Eastern France) above the confluence 
of the Rhône and Payre Rivers (Moncel et al. 2002, 2008; Daujeard and Moncel 2010; Moncel 
and Daujeard 2012; Moncel et al., 2014). The 5m thick stratigraphic sequence yielded 8 
occupation layers in 4 phases (units). The basal units G and F that we investigate here are dated 
from MIS 8-7, roughly 250,000 to 200,000 years before present (Grün et al. 2008; Valladas et 




1.3 Methods  
 
The first part of the research was addressed to collect the data set concerning the Middle 
Paleolithic European sites with evidence of blades reductions strategies. 
The data set has been collected basing on the mains scientific publications including papers in 
journals, PhD thesis, volume and excavation reports. 
During the data collection, qualitative and quantitative problems have emerged immediately. 
In fact, different methods used to analyse the lithic assemblages and dissimilar terminology 
used to describe the blade production have made it complicate to obtain an immediate 
comparison between the sites.   
To reduce these discrepancies and homogenize the data sets we chose to organize the 
information with an appropriate database expressly built (Fig 2 and 3). When it was possible 
we tried to harmonise the terminology and to synthetize the information extracted by the 
different publication. The database’s design is organized to recorder the information concerning 
all the sites that contain blade production evidence and it is structured in six mains parts that 
are linked to a single archaeological level of a site. The database incorporates the informations 
related to the chronology, the lithic raw material, the general information of the site, the main 
lithic industries information and the blade reduction process description (Fig 2). 
The sites are subdivided by one or more records describing the information for each 
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The second part of the work was addressed to implement the data concerning the lithic 
assemblages of the four sites studied in this work.  
The lithic assemblages were analysed using a technological approach. All cores, core fragments, 
tools, tool fragments and all blades and blade fragments are selected regardless of their size. 
Technological analysis follows the chaîne opératoire approach based on the identification of 
the distinct phases of the process (Cresswell 1983, Pelegrin et al. 1988, Perlès 1991, Geneste 
1991a, b). Percussion techniques, methods and concepts that underlie the reduction strategies 
have been analysed (Pelegrin 1991, 2000, 2005; Boeda et al 1990).  
Diacritical analysis was applied to cores and blanks in order to identify the chronological order 
of the scars distinguishing the preparation phases to the main production phases (Dauvois 1973, 
Inizan et al. 1995). 
The definition and the characterization of the lithic production have been also predated by a 
personal analytical approach.  Further detailed information about the methodology used are 
described in the methodological part of each paper.  
To improve the data collection of the lithic items, a specific database has been designed, 
structured in two separated section aimed to recorder the data set concerning the information 











UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
















































UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  







Technological variability during the Early Middle 
Palaeolithic in Western Europe. Reduction systems and 





Leonardo Carmignani1,2,3,4*, Marie-Hélène Moncel4, Paul Fernandes 5, Lucy Wilson6 
 
1 IDQP Phd candidate. IPHES, Institut Català de Paleoecologia Humana i Evolució Social, Tarragona, Spain, 2 Àrea de 
Prehistòria, Universitat Rovira i Virgili (URV), Tarragona, Spain, 3 Dipartimento di Studi Umanistici; Università degli Studi 
di Ferrara. C.so Ercole I d’Este 32, 44100 Ferrara. 4 External Member of UMR 7041 ArScAn, Anthropologie des Techniques, 
des Espaces et des Territoires au Pliocène et Pléistocène (AnTET), Maison de l’Archéologie et de l’Ethnologie, Nanterre, 
France. 4 UMR7194 – HNHP Department of Prehistory (CNRS – MNHN – UPVD – Sorbonne Universités), Paris, France. 5.  
Paleotime, Villars-de Lens, France  6 Department of Biological Sciences, University of New Brunswick in Saint John, P.O. 
Box 5050, 100 Tucker Park Road, Saint John, N.B. E2L 4L5, Canada.  






The study of the lithic assemblages of the Bau de l’Aubesier and Payre sites contributes to 
enlarging our knowledge of the earliest Neanderthal techno-cultural variability.  In this pap er 
we present the results of a detailed technological analysis of Early Middle Palaeolithic lithic 
assemblages of MIS 8 and 7 age from two sites, Payre and the Bau de l’Aubesier, located on 
opposite sides of the Rhône Valley in the south-east of France.  The MIS 9-7 period is 
considered in Europe to be a time of new behaviours, especially concerning lithic strategies.  
The shift from the Lower Palaeolithic to the Early Middle Palaeolithic is “classically” defined 
by an increase in the number of core technologies, including standardized ones, which are 
stabilized in the full Middle Palaeolithic (MIS 5-3), associated with the decline of the 
“Acheulean” biface.  Applying a common technological approach to the analysis of the two 
assemblages highlights their technological variability with respect to reduction systems and end 
products.  Differences between Payre and the Bau de l’Aubesier concerning raw material 
procurement and faunal exploitation only partially explain this multifaceted technological 
variability, which in our opinion also reflects the existence of distinct technological traditions 




1 Introduction  
 
The MIS 9 to 7 time-span in Europe is considered to have recorded a behavioural change 
commonly described as the shift from the Lower to the Middle Palaeolithic or again as the 
threshold from Mode 2, including bifaces, to Mode 3, linked to the development of different 
core technologies (Clark 1969). From a general point of view the continuity in biface production 
and the increase in predetermined flaking systems, even if not generalizable, are recurrent 
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features which are valid during all this period on a continental scale. Attribution of an 
assemblage to the Upper Acheulean (UA) or to the early Middle Palaeolithic (EMP) is often 
based on to the proportion of bifaces and/or pebble tools alongside flake production.  
In this large chronological timespan, associated with new technological features, other changes 
regarding subsistence strategies are also documented, such as the wooden throwing spears 
discovered at Schöningen, Germany (Thieme 1997) and recently re-dated to the MIS 9, that 
provide evidence of specialized hunting (Richter & Krbetschek 2015).  
Development of more complex flaking technology is emblematically represented by the rise of 
the Levallois concept. Early evidence of Levallois technology is largely documented in Western 
Europe at the end of MIS 9 (Adler et al. 2014;  Alvarez-Alonso 2014; Delagnes and Meignen 
2006; Dibble and Bar-Yosef 1995; Fontana et al. 2010; Fontana et al. 2013; Gamble and 
Roebroks 1999; Moncel et al. 2011; Moncel et al. 2012; Picin et al. 2013; Roebroeks and 
Tuffreau 1999; Soriano 2000; White and Ashton, 2003; Wiśniewski 2014; Moncel et al., 2016), 
even though the oldest records of the emergence of this concept are recognized, sporadically, 
in a few sites: in France at Cagny la Garenne and Cagny Cemetery dated to MIS 12-11 (Lamotte 
and Tuffreau, 2001; Lamotte, 1995; Tuffreau, 1995, 1987; Tuffreau et al., 2008), in the Iberian 
Peninsula at Grand Dolina TD10 and Ambrona dated to MIS 10-9  (Terradillos-Bernal and 
Rodríguez-Álvarez 2014; Terradillos-Bernal and Díez Fernandez, 2012; Olle et al., 2013; 
García-Medrano P. et al. 2015; Santonja et al., 2016;) and more recently in the Italian peninsula 
at Guado San Nicola dated to the end of MIS 11-beginning of MIS 10 (Peretto et al. 2016).  
Another element of variability in reduction strategies that partially overlaps the rise of the 
Levallois concept during the EMP is the northern European blade production (Révillion 1995; 
Revillon, Truffeau 1994).  
Early evidence of laminar production dates back to MIS 7 and the end of MIS 8 in the north of 
Europe, for instance at the sites of Saint-Valéry-sur-Somme (Heinzelin & Haesaerts 1983), 
Bapaume-les Osiers (Koehler 2008) and Therdonne (Loch et al. 2010) in France, and Rissori 
(Adam & Tuffreau 1973; 36 Adam 1991) in Belgium.  
Unlike bifacial and Levallois production, that can be considered as a more global phenomenon, 
blade production is it limited to Nothern Europe for a long period.  
By MIS 5 blade production covers a larger area including northeast Germany in the site of 
Tönchesberg (Conard 1990), and Wallertheim (Conard & Adler 1997) and in central and 
southern France, in the sites of Angé (Locht et al. 2008), Vinneuf (Gouédo 1994), Baume 
Flandin (Moncel 2005; Moncel et al. 2008 a,b), Cantalouette 4 (Blaser et al. 2012) Baume 
Bonne (Gagnepain et al. 2003, 2004) (Fig 1). 
In all the sites mentioned above blades rarely assumed a dominant role but co-existed with 
various reduction systems (Levallois, Discoid, etc.) as well as with shaping systems, such as at 
the sites of Bapaume-les Osiers (Koehler 2008) and Vinneuf (Gouédo 1994).  
In parallel to these new trends in the core technologies, bifaces persist throughout the EMP and 
into the late Middle Paleolithic, but in another form.  In south-western France, the MTA 
industries record shaping processes as part of the Neanderthal techno-cultural equipment during 
the late Middle Paleolithic (MIS 4-3), although their features are not comparable to the 
Acheulian bifaces (Soressi 2002, 2004; Ruebens 2013, Brenet et al in press).  
Even from this brief overview it is clear that it is extremely difficult to define a unique trend 
that can be valid at a large scale of analysis. Depending on the geographic scale of analysis and 
the choice of parameters used to describe the lithic industries, different scenarios can be created.  
The problems connected to the choice of the scale of analysis for the comprehension of material 
culture in prehistory has been underlined by several authors (see for example Koehler 2011; 
Chevrier and Koehler 2013).  
Using as a primary technological parameter the distinction between shaping and flaking 
processes in assemblages during the EMP, we may recognize two variants: (1) industries only 
due to flaking technologies, and (2) industries where biface and flaking reduction systems co-
exist in various proportions.  
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At the European continental scale these two categories are ubiquitous and are not linked to a 
specific geographic area. On the other hand, if we reduce our scale of analysis by taking into 
account more of the specificities of the reduction systems, it is possible to distinguish macro-
areas, such as in the case of northern European blade production.  
Over the last few years, new approaches in lithic studies, well-defined chronologies and new 
sites discovered have helped us with the recognition of specific technological features. Recently 
some authors have proposed to trace the onset of some regional differentiation in the 
technological behavioural changes starting from the Lower Palaeolithic (Rocca 2013; Aureli et 
al 2016; Baena et al. in press).  
This complex scenario has generated widespread debates on the definition of the chronological 
limits between the Lower and the Middle Paleolithic as well as on the definition of the relevant 
archaeological data to be considered to be the marker of these behavioural changes (Monnier 
2006, Moncel et al., 2011, 2012; Monnier & Missal 2014, Mathias in press, Richter 2011, in 
press).  
If the evidence of technological variability during the Middle Palaeolihic is now commonly 
accepted the causes at the origin of this variability are still discussed. 
This question, which originated in the transatlantic debate between Binford (1966, 1973) and 
Bordes (1961, 1970), has continued and is still one of the central topics in the understanding of 
material culture. Different explanations of the possible causes of technological variability have 
been proposed in the last decades: climatic change, raw material economy, subsistence strategy, 
demography, or mobility patterns. 
To reduce the impact of external factors, the analysis of technological features needs to be tested 
in a small geographic area with a common environmental context. Furthermore, to identify the 
specificity of the technological features of the human groups, we have to go further than a 
macro-technological subdivision (i.e Levallois-Non Levallois; Biface-Non-Biface) especially 
if applied on a large geographical scale. 
For all these reasons, the main aim of this paper is to discuss the technological turnovers that 
affect the EMP through a detailed technological analysis applied on a small regional scale.  
The assemblages of the Bau de l’Aubesier and Payre, located in South-Eastern France on 
opposite sides of the Rhône corridor, are considered through a detailed comparative 
technological analysis. The choice of these two sites is motivated by geographical and 
chronological parameters: 
(1) The two sites yielded layers dated to the MIS 8 and MIS 7, a crucial period of time for 
understanding the technological changes to the EMP in Western Europe; (2) secondarily they 
are located within the same region and in similar environments.  
A basic question guides our analysis: Does technological variability on a regional scale exist in 
the EMP and if so, is it due to external factors and constraints, or is it evidence of diversification 
of the techno-cultural traditions of human groups as early as the EMP? 
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  




Figure 1. Location of the Bau de l’Aubesier and Payre and of the main sites cited in this paper. 
 
2 Materials and methods 
 
2.1 The sites of Payre and the Bau de l’Aubesier 
 
2.1.1 Payre: Located in the Rhône Valley (South-Eastern France) (Fig 1), Payre is a small cave 
above the confluence of the Rhône and Payre Rivers at the intersection of various biotopes 
(Moncel et al. 2002, 2008; Daujeard and Moncel 2010; Moncel and Daujeard 2012; Moncel et 
al., 2014). The 5m thick stratigraphic sequence yielded 8 occupation layers in 4 phases (units). 
The basal units G and F that we investigate here are dated from MIS 8-7, roughly 250,000 to 
200,000 years before present (Grün et al. 2008; Valladas et al. 2008). They are sub-divided into 
several levels including levels Ga, Gb and levels Fa, Fb, Fc, Fd.  Unit G is composed of 6 lenses 
or sedimentological sub-layers. Level Ga is a dense concentration of artefacts related to lenses 
G4 and G5, 50 to 65 cm thick and composed of many small blocks. Unit F is composed of 7 
lenses or sedimentological sub-layers. Level Fb is strictly related to the grey lens F3, 15-20 cm 
thick and free of limestone blocks.  Unit G was excavated over 50 m² and unit F over 20 m².  
The lithic material found in units G and F is attributed to the Early Middle Paleolithic, with a 
discoidal and orthogonal core technology on flint and mainly scrapers and points (Baena et al. 
in press). Some heavy-duty tools, as well as bifaces and pebble tools, were made in situ or 
outside the site on local quartzite, limestone and basalt (Moncel et al. 2008). New evidence of 
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2.1.2 The Bau de l’Aubesier: The Bau de l’Aubesier is a large rock shelter located in the 
gorges of the Nesque river, Vaucluse (South-Eastern France) (Fig 1). The site, known since the 
beginning of the 20th century (Moulin 1903, 1904), was extensively excavated from 1987 to 
2000 by an international team led by Serge Lebel, then of the Université du Québec à Montréal, 
Canada (Lebel 2000 a, b).  The deposits in the site are complex, both laterally and vertically, 
and include more than 60 different sedimentological layers and lenses over a total thickness of 
more than 13 metres.  The deposits also include at least a dozen archaeological levels, divided 
into more than 30 sub-layers, according to sedimentological, archaeological, or arbitrary depth 
criteria (Fig 2).  Based on radiometric, faunal and stratigraphic results, it appears that the 
entirety of the deposits dates to between roughly 100,000 (or less) and 250,000 years ago 
(Blackwell et al., 2001; Lebel et al., 2001; Fernandez, 2006).  The lower part of the site has 
been attributed to the later Middle Pleistocene, and the upper part to the Late Pleistocene 
(Trinkaus et al., 2000; Lebel and Trinkaus, 2002). 
This present study concerns the lowest archaeological layers, J and K, which were divided 
during the excavation into J, J1, J2, J3 and J4, and K, K1 and K2 respectively.  The lowest level, 
K2, is a layer of fine sediments with some larger rocks, probably reflecting accumulation during 
a temperate and relatively warm phase during MIS 7.  This was followed by cooler phases 
during which more cryoclastic debris fell from the roof and walls of the rock shelter.  During 
this time period, archaeological layers K1 through J also accumulated.  These were later 
washed, reworked and eroded, forming a shallow basin or gully which later layers filled in and 
covered over.  The total thickness of this phase of the deposits amounts to approximately 120 
cm.  There are very few traces of fire: only about 3% of remains in layer J and 5% of remains 
in layer K show any trace of having been burned, and there are no hearths or concentrations of 
burned material.  The densest archaeological accumulations are in layers J4 and K2 (Fig. 2).  
One hominin tooth (an incisor) was found in layer J and has been described as pre-Neandertal, 
archaic Homo (79 Trinkaus et al., 2000).  All together, layers J and K provided both lithic 
(almost entirely flint) and faunal remains attesting to significant use of the site by early Middle 




Figure 2.  Simplified stratigraphy of the Bau de l’Aubesier: Drawings on the left after Lebel (2000a, 
Figure 9, p.22).  On the left and in the center: simplified stratigraphy.  In colour (yellow and blue), Units 
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The comparison between the lithic collections uses both qualitative and quantitative parameters, 
describing the entire assemblages through an extensive technological analysis. A preliminary 
sorting procedure has been done dividing the lithic collection in two wide categories: 
undetermined and determined pieces. We classified as determined pieces all the removals that 
can be linked to a specif reduction strategies (e.g. Levallois, Discoid) or to a method (e.g. 
unidirectional, centripetal). Deeply patinated pieces or pieces with disorganized scars which 
did not allow us to associate them to a specific reduction strategy or method were classified as 
undetermined pieces.   
The qualitative analysis follows the general principles of the chaîne opératoire, based on the 
identification of the distinct phases of the process (Cresswell 1983, Pelegrin et al. 1988, Perlès 
1991, Geneste 1991a, b). Reconstitution of the chaîne operatoire is based on the identification 
of the percussion technique, methods and concepts that underlie the reduction processes 
(Pelegrin 2005; Boeda et al 1990). The percussion techniques were identified according to the 
criteria derived from experimental studies by Pelegrin (1991, 2000). Diacritical analysis was 
applied to cores and blanks in order to identify the chronological order of the scars 
distinguishing the preparation phases from the main production phases (Dauvois 1976, Inizan 
et al. 1995).  
Due to the scarcity of refitting in the collections, the reduction sequences are described using 
the mental refitting method proposed by Pelegrin (1995).  
The small number of cores in the assemblages did not allow us to quantify them in terms of 
ratio. A synthetic quantification of the technological systems through the sequence has been 
done by creating four groups based on the number of cores present in each layer: absent (0), 
rare (1-2); present (3-5); abundant (>5).  
Identification of the Levallois concept follows the guidelines set out by Boëda (1994). In terms 
of Discoid production, we used the definition of Boëda (1993, 1991), and also took into account 
broader criteria (Peresani 1998, Slimak 2003).  
Definition and characterization of the production techniques was preceded by a personal 
analytical approach which takes into account five technical parameters: the volumetric concept 
used, the striking platform organisation, the direction and the organization of the removals and 
the angle between the débitage surface and the striking platform. 
The combination of these parameters allows us to preliminarily describe and identify the 
characteristics of the technological systems (Fig 3). Supporting Information for the terminology 
used in this work is provided in Supplementary File S1.  
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   Figure 3. Schematic model of the reduction systems and the terminology used in this paper. 
 
2.3 Composition of the lithic material assemblages  
 
2.3.1 Payre: Units G and F yielded 8275 pieces including flakes, cores, pebbles and debris. 
The main density of pieces is in the sublevels Ga and Fa (Table 1). Small debris (<20mm) are 
in general abundant and attest to an intense flaking activity in situ.  Undetermined flakes are 
also a significant part of the collection (Table 1). The ratio of undetermined flakes larger than 
20 mm ranges from 23 % in sub-level Fc to 57.9 % for sub-level Gb. Determined flake ratios 
range from 20.4% in sub-level Gb to 2.4% in sub-level Fb.  Cores are present in all of the sub 
levels, ranging from 3.1% of the assemblage in sub-level Gb to 0.2% in sub-level Fb.  
Raw materials for flaking are largely dominated by a good quality flint (between 84% and 92%), 
with quartz or basalt secondary (Table 2). A small quantity of quartzite and limestone was used 
as well. The raw materials were collected in the form of cobbles, small nodules and flakes.  
 
 
       Table 1. Payre: Composition of the lithic assemblages of units G and F. 
Assemblage composition Gb Ga Fd Fc Fb Fa Total n % n % n % n % n % n % n 
Undetermined Flakes<20mm 122 20.1 1253 38,2 284 51.7 330 62.7 577 71.4 1477 59 4043 
Undetermined Flakes>20mm 352 57.9 1176 35,8 142 25.9 121 23 203 25.1 667 26.7 2661 
Determined flakes 89 14.6 669 20,4 98 17.9 44 8.4 19 2.4 229 9.2 1148 
Cores 19 3.1 47 1.4 17 3.1 9 1.7 2 0.2 44 1.8 138 
Entire Pebbles 16 2.6 88 2.7 5 0.9 11 2.1 6 0.7 63 2.5 189 
Broken Pebbles 8 1.3 49 1.5 3 0.5 11 2.1 1 0.1 21 0.8 93 
Handaxes 2 0.3 - 0 - 0 - 0 - 0 1 0.04 3 
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             Table 2. Payre: Raw material distribution in units G and F. 






Flint 1375 693(269) 40 - - 2108 84.3 
Basalt 7 25 - 72(7) - 104 4.2 
Quartz 91 121(10) 1 1 - 214 8.6 
Limestone 4 31 2 5(1) - 42 1.7 
Quartzite - 26(6) 1 6(6) 1 34 1.4 
Total 1477 896 44 84 1 2502 100 
Fb 
Flint 549 176(58) 2 - - 727 90 
Basalt 8 17 - 7(1) - 32 4 
Quartz 17 23(1) - - - 40 5 
Limestone - 2 - - - 2 0.2 
Quartzite 3 4 - - - 7 0.9 
Total 577 222 2 7 - 808 100 
Fc 
Flint 298 117(50) 9 - - 424 80.6 
Basalt 6 15 - 18(2) - 39 7.4 
Quartz 26 28(1) - 1 - 55 10.5 
Limestone - 4 - 2(1) - 6 1.1 
Quartzite - 1 - 1 - 2 0.4 
Total 330 165 9 22 - 526 100 
Fd 
Flint 271(1) 213(44) 17 - - 501 91.3 
Basalt 3 9 - 8(2) - 20 3.6 
Quartz 10 16 - - - 26 4.7 
Limestone - - - - - - 0 
Quartzite - 2(1) - - - 2 0.4 
Total 284 240 17 8 - 549 100 
Ga 
Flint 1253(4) 1482(515) 41 2 - 2778 84.6 
Basalt - 173(3) - 125(38) - 301 9.2 
Quartz - 132(21) 6 2 - 140 4.3 
Limestone - 11(2) - 4 - 15 0.5 
Quartzite - 44(15) - 4(3) - 48 1.5 
Total 1253 1845 47 137 - 3282 100 
Gb 
Flint 120 422(83) 19 - 2 563 92.6 
Basalt - 2 - 23(7) - 25 4.1 
Quartz - 13 - - - 13 2.1 
Limestone - 1 - 1 - 2 0.3 
Quartzite 2 3 - - - 5 0.8 




2.3.2 Bau de l’Aubesier: Units K and J yielded 3249 lithic pieces, including cores, flakes and 
debris.  Lithic pieces were mostly concentrated in the sub-levels K2 and J4. Debris <20 cm 
(undetermined flakes and fragments) are the main part of the collection, residues of an intense 
flaking activity in situ. Determined flakes are more abundant than at Payre with a frequency 
ranging from 30.1% in the sub level J-J1 to 7.7% in K2 (Table 3).  Cores are rare, between 
0.8% in sub-level K-K1 and 4.4% in sub-level J3. A high ratio of cores (16.1%) characterizes 
the sub-level J2, but this has a total assemblage of only 31 lithic items (Table 3).  
Flint was used almost exclusively in these levels: the only non-flint piece is a quartzite flake 
fragment from level J4.  A large proportion of these pieces is heavily patinated, and can be 
identified only as flint.  Combined with a very small proportion of flint types of unknown 
provenance, this means that all together 43.2% of the pieces in levels J-J4 are flint from 
unknown/unidentifiable sources, as are 51.7% of the pieces from levels K-K2.  The sources of 
the remaining pieces have been identified, and (as will be discussed more fully below) are 
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Table 3. Bau de l’Aubesier: composition of the lithic assemblages from the lowest 
part of the sequence. 
Assemblage composition K2 K-K1 J4 J3 J2 J-J1 Total n % n % n % n % n % n % n 
Undetermined fragment<20 670 61.8 283 54.4 700 56.2 28 30.8 3 9.7 103 37.3 1787 
Undetermined fragment>20 65 6 72 13.8 191 15.3 25 27.5 4 12.9 55 19.9 412 
Undetermined flakes<20 180 16.6 42 8.1 97 7.8 1 1.1 5 16.1 19 6.9 344 
Undetermined flakes>20 42 3.9 23 4.4 51 4.1 3 3.3 6 19.4 10 3.6 135 
Determined flakes 84 7.7 107 20.6 185 14.8 30 33 8 25.8 83 30.1 514 
Cores 13 1.2 4 0.8 22 1.8 4 4.4 5 16.1 8 2.9 57 






3.1 Reduction sequences and the aims of production at Payre 
Knapping processes dominate in Units G and F.  Shaping processes provide rare bifaces and 
pebble tools (Table 4). Different schemes of débitage, aimed at producing different types of 
end-products, have been recognized based on the analysis of the cores and determined blanks 
(Tables 4 and 5).  
The core technologies are predominantly based on the exploitation of the large surfaces of the 
volume of the support. Depending on the organization and location of the striking platforms, 
the flaking follows either a peripheral or a polar management. A marginal volumetric 
exploitation was used to produce bladelets (Table 4).   
Centripetal flakes are the most numerous recurrent products in the layers, varying from 46.2% 
in sub-level Fb to 21.2% in sub-level Fc (Table 5). The second most common category is 
unipolar flakes.  Minor percentages are represented by bipolar, orthogonal, convergent and 




          Table 4 – Payre, numbers of the core types throughout the sequence. 




Secant plans cores “Discoid” 1 2 - 3 - 8 14 10.1 
Secant plans cores “Partial exploitation” 7 9 1 2 - 4 23 16.7 
Secant plans “Trifacial cores” 3 5 - - - - 8 5.8 
Parallels plans exploitation - 10 2 2 - 8 22 15.9 
Polar 
Unidirectional parallel plans  - 3 2 - - 4 9 6.5 
Unidirectional “short axe exploitation” 2 4 - - - 2 8 5.8 
Multidirectional (SSDA type) 3 5 1 2 - 6 17 12.3 
Bidirectional parallel plans - - - - - 1 1 0.7 
Orthogonal parallel plans  - - 1 - - - 1 0.7 
Convergent parallel plans - 1 - - - - 1 0.7 
Volumetric Bladelet cores - - 2 - - 2 4 2.9 Bipolar percussion core - 1 - - - - 1 0.7 
  Large flakes cores 1 1 1 - - 3 6 4.3 
  Undetermined cores fragments 2 6 7 - 2 6 23 16.7 
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Table 5 – Payre.: determined pieces. Numbers in brackets indicate retouched pieces  
Techno-types Gb Ga Fd Fc Fb Fa num % num % num % num % num % num % 
Centripetal flakes 37 (5) 32.5 337 (83) 41.8 33 (4) 31.1 14 (4) 21.2 12(2) 46.2 83(22) 26.4 
Debordant flakes (chordal) 16 (5) 14 135 (48) 16.7 12 (1) 11.3 3 4.5 - 0 37 (4) 11.8 
Pseudolevallois - 0 1 0.1 1 0.9 1 1.5 1 3.8 3 1 
Unipolar flakes 10 (1) 8.8 24 (3) 3 13 12.3 3 (1) 4.5 3 11.5 26 (8) 8.3 
Debordant unipolar flakes 2 1.8 5 (1) 0.6 4 3.8 - 0 - 0 1 (1) 0.3 
Bipolar flakes 1 0.9 2 0.2 - 0 2 3 - 0 - 0 
Debordant bipolar flakes - 0 1 0.1 - 0 2 3 - 0 - 0 
Orthogonal flakes 1 0.9 5 (3) 0.6 - 0 2 3 - 0 - 0 
Convergent/sub-convergent flakes 2 (1) 1.8 10 1.2 - 0 - 0 - 0 - 0 
Bladelets - 0 - 0 3 2.8 - 0 - 0 - 0 
Blades - 0 - 0 7 6.6 - 0 - 0 - 0 
Kombewa 3 2.6 27 (5) 3.3 1 0.9 1 (1) 1.5 1 3.8 19 (1) 6.1 
Kombewa debordant 1 (1) 0.9 4 (2) 0.5 - 0 - 0 - 0 3 1 
Quina 3 2.6 10 1.2 - 0 - 0 - 0 2 0.6 
Demi Quina 2 1.8 17 2.1 1 0.9 - 0 - 0 6 1.9 
Wide flake (Demi Quina retouch) 1 0.9 1 0.1 14 13.2 - 0 - 0 2 0.6 
Wide flakes - 0 21 (7) 2.6 3 (1) 2.8 6 (3) 9.1 1 3.8 29 (9) 9.2 
Bifaces 2 1.8 - 0 - 0 - 0 - 0 1 0.3 
Macro-tools 1 0.9 4 0.5 1 0.9 - 0 - 0 5 1.6 
Entire Pebble 16 14 88(41) 10.9 5(2) 4.7 11(3) 16.7 6(1) 23.1 63(14) 20.1 
Broken Pebble 8 7 49 6.1 3 2.8 11 16.7 1 3.8 21 6.7 
Striking platform flakes 2 (1) 1.8 1 0.1 - 0 7 10.6 - 0 2 0.6 
Shaping/retouching flakes 4 3.5 43 5.3 1 0.9 3 4.5 - 0 10 3.2 
Rejuvenation flakes 1 0.9 21 (14) 2.6 - 0 - 0 - 0 - 0 
Crested flakes 1 0.9 - 0 4 3.8 - 0 1 3.8 1 0.3 




3.1.1 Pheripheral exploitation: The technological parameters of the flakes fit well with the 
analyses of the cores. The peripheral exploitation of the core is the main flaking process used 
at Payre, with an overall proportion of 48.6 % (Table 4).  In this group are included cores with 
management of the periphery of the volume by centripetal and/or chordal removals. Based on 
the detachment angle of the removals, two different cases have been identified; a peripheral 




Figure 4. Model of peripheral plan exploitation: On the top right exploitation by parallel plans. On the 
bottom right the two variants of exploitation by secant plans.  
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 34 
In the secant plan exploitation systems the débitage starts without preparation, by a series of 
secant removals on the two opposite surfaces.  The direction of the removal is alternatively 
centripetal and chordal.  Each removal participates in maintaining the convexity and creates a 
new striking platform for the following removals.  In relation to the mode of exploitation, two 
sub-types have been identified. In the first one, the removals of the platforms are around the 
core’s entire periphery (Fig 5, n. 3, 4). This system can be fully ascribed at the classical Discoid 
systems.  In the second modality, the removals are limited to one side of the core periphery, 
leaving the other part of the volume unexploited (Fig 5, n. 1, 2).  
These two variants are present in both units G and F but in different amounts. Cores with a 
complete peripheral exploitation (Discoid) increase in abundance in unit F and especially in 
sub-level Fa (Table 4). Conversely, partial secant exploitation is more frequent in unit G (Table 
4). 
The sub-levels Ga and Gb differ from unit F by having produced 8 cores with a triangular cross-
section, here called “Trifacial cores” (Fig 6). The flaking starts with a first series of secant 
removals without preparation. The second and the third series of removals repeat the same 
sequence on the two adjacent surfaces using the scars of the first series of removals as a striking 





Figure 5. Payre. Peripheral secant plans cores:  Cores of partial peripheral secant plans 
exploitation from sub-unit Gb (1, 2). Cores of complete peripheral secant plans exploitation from 
sub unit Fa  (Discoidal) (3,4).  
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Figure 6.  Payre. Trifacial cores: Trifacial secant plans exploitation 
cores from sub-levels Ga (n. 1) and Gb (n.2). 
Twenty-two cores show a different exploitaion. Centripetal and chordal removals are strucked 
from the platforms around the core’s entire periphery but the flaking surface is managed by 
parallel plans (Fig 7).  These cores show some common features to the definition of Levallois 
proposed by Boëda (1993, 1994). They present asymmetrical convex surfaces (plane of 
intersection). However, we do not include them in the category of Levallois cores because they 
lack specific features that characterize this volumetric concept. These cores do not show any 
scars that would indicate a clear separation between the configuration phase of the débitage 
surface and the main production phase. The striking platforms are minimally prepared. A single 
centripetal series is obtained on the surface without evidence of preparation of the lateral and 
distal convexities (Fig 7). The flaking surface after a short series of centripetal removals is 
quickly abandoned. No rejuvenation flakes, suggesting a reconfiguration of the core, have been 





Figure 7. Payre. Peripheral parallel plans cores: Core with a 
peripheral parallel plans exploitation from sub-levels Ga (n. 1 and 2), 
Fb (n.3) and Fd (n. 4).  
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Product derived by peripheral exploitation show different features in function of the procedure 
applied (i.e. parallel and secant plan exploitation). For distinguishing products coming from 
peripheral secant exploitation and peripheral parallel exploitation, we take into account the 
angular degree of the dorsal scars and the angular degree between the platform and the ventral 
surface of the blanks.  
The secant exploitation produces blanks with an inclined platform and the dorsal surface is 
characterised by secant centripetal scars (Fig 8). These flakes are short and thick with a robust 
cutting edge between about 40° and 60°.  Centripetal and chordal directions of flaking produce 
respectively flakes with a peripheral cutting edge (type A1), and debordant flakes (type A2) 
(Fig 8).  
 
 
Figure 8.  Payre. Peripheral exploitation blanks: On the top, sketch of products from a secant 
plan exploitation (top left) and from a parallel plan exploitation (top right). On the bottom left, 
blanks of secant plans exploitation: centripetal flakes (type A1) from sub-units Ga (n. 1 to 4), Fd 
(n. 5), and Fa (n. 6); debordant flakes (type A2) from sub-units Ga (n. 7 to 9). On the bottom right, 
products of parallel plans exploitation: centripetal flakes (type B1) from sub-units Ga (n. 10 to 13) 
and Fa (n.14); debordant flakes (type B2) from sub-unit Ga. 
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These products are diverse in shape. The cutting edge can be polygonal, sub-circular or 
convergent.  Flakes with a convergent cutting edge are numerous in both units G and F (Chacon 
et al. 2016; Moncel et al 2009).  Analysis of the dorsal scars rarely shows a convergent method. 
This data is confirmed by the cores. Just one core in sub-level Ga shows this type of method. 
Diacritical analysis of the dorsal scars of these convergent pieces shows that they are closer to 
a peripheral secant plans exploitation technique (Fig 6 n. 4, 9).  
Products coming from parallel plans exploitation (Types B1 and B2) (Fig 8) differ greatly from 
those coming from the previous one. They are close to the typical Levallois flakes (Fig 8 n. 10 
to 15). The platform is generally flat, but in some cases is carefuly prepared. The angle between 
the ventral surface and the platform of the flakes is between 95° and 115°. Scars on the dorsal 
surface are parallel or sub-parallel. Compared with the A1 and A2 flake types, B1 and B2 flake 
types are thinner, with a cutting edge of about 15° to 40 °.  
Flakes with secant dorsal scars (Type A) are present in all of the sub-levels except Fd, (see 
Table A in Supplementary File S2). Among the flakes with secant dorsal scars (Type A), the 
majority are associated with an inclined platform, due to the secant plans exploitation. This is 
particularly clear in unit F where no rectilinear platform is related to flakes with secant scars 
(Table B in Supplementary File S2).   
Six cores with secant plans were abandoned after a short series of removals. There is no 
evidence of preparation. Two of these cores come from unit G and three from unit F (Fig 9 n. 
1 and 2). These cores can be related to large, wide flakes found in unit G (23 items) and unit F 






Figure 9.  Payre. Wide flakes production: Large flakes cores (n.1, 2). Retouched wide flakes (n. 3 
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3.1.2 Polar exploitation: This system is based on the exploitation of a surface with one or more 
striking platforms located on one or several sides of the cores. There are 56 such cores in unit 
F and 18 in unit G (Table 4). Based on the location of the striking platforms on the core, two 
different types are distinguished.  The first modality is an exploitation of the narrowest surface 




Fig 10. Payre. Polar exploitation variability: Model of the polar exploitation variability at 
Payre 
The cores managed on the narrowest surface show only unidirectional removals. Six of these 
cores were found in unit G and two in unit F (Table 4). 
The removals are directly struck on the core without preparation of the lateral and distal 
convexities. This does not allow a long exploitation of the surface. Several cores were quickly 
abandoned after a short series of removals, due to hinged fractures (Fig. 11 n. 1).  
Repetition of a unidirectional series of removals on the same core can give various forms which 
can be interpreted erroneously as different reduction systems.   
A group of 17 cores, 8 found in unit G and 8 in unit F, shown a multiple surfaces exploitation 
(Fig 11 n. 3). The final shape of these cores resembles the SSDA systems cores (Forestier 1993).  
In the case of Payre, these cores have to be described as an advanced phase of exploitation by 




                            Fig 11.  Payre: Unidirectional short axis cores.  
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The category of cores exploited on the large surface groups together various methods: 
unidirectional, bidirectional, convergent and orthogonal.  The unidirectional method is the most 
frequent and is equally present in the two units (Table 4). Convergent, orthogonal and bipolar 
methods are less common. Selection of the appropriate volume allows for exploitation without 
the preparation of the lateral and distal convexity (Fig. 12 n. 2, 3).  Just one core shows a partial 
preparation of the flaking surface (Fig 12 n.1). In this core débitage stopped due to hinged 
fractures and continued on the opposite surface with a second unidirectional series made in the 
opposite direction to the first (Fig. 12 n.1). In other cases, the second series of removals can be 




 Fig 12. Payre:  Unidirectional large surface cores.  
 
 
The variability of end-products of polar exploitation is similar to what is observed in the cores. 
Unidirectional flakes are the most frequent, especially in sub-units Fa and Ga (Table 5). 
Triangular flakes coming from a convergent method are less frequent, and are more numerous 
in sub-levels Ga and Gb (Fig. 13, n. 8 to 10). Orthogonal and bipolar flakes are as rare as the 
cores.    
Unidirectional methods produce quadrangular slightly elongated flakes with a peripheral 
cutting edge and debordant flakes (Fig. 13, n. 1 to 7). Products from unidirectional exploitation 
on the narrow surface and unidirectional exploitation on the large surface are similar. 
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Differences between the unidirectional flakes can however be detected in terms of the 
elongation. A group of unidirectional flakes shows a tendency to be more elongated and could 
be related to the exploitation of the largest surfaces (Fig. 13, n. 1 to 4). Conversely, the presence 
of short quadrangular flakes can correspond technologically to the exploitation of the shortest 






Fig 13. Payre: Elongeted unidirectional flakes from Unit F (n. 1 to 3) and Unit G (n.4); Unidirectional 
short flakes from Unit F (n. 7 to 9) and Unit G (n.10); Convergent flakes from Unit G (n. 8 to 10). 
 
 
3.1.3 Volume exploitation Four small cores aimed at the production of bladelets were found in 
unit F (Table 4). There was minimal preparation of the cores. Partial preparation was made by 
rear lateral removals aimed at centering the flaking surface (Fig. 14). The striking platform was 
either left cortical or minimally prepared. Only 3 bladelets were found, in sub-level Fd. Despite 
the lack of these products, the scars on cores clearly indicate production of convergent/sub-
convergent bladelets (Fig. 14). Export of the products outside of the site is possible, or the core 
may be a mobile piece since no products or by-products related to this reduction system have 
been observed in the series.  
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       Fig 14.  Payre: Bladelet cores from unit F.  
 
3.2 Reduction sequences and the aims of production at Bau de l’Aubesier 
 
The lithic assemblages of units K and J are entirely composed of products derived from flaking 
systems, with both surface and volumetric management occurring (Table 6). Surface 
exploitation was recognized on 42 cores and includes both polar and peripheral variants. 
Volume exploitation is indicated by 14 cores.  
 
Table 6 – Bau de l’Aubesier, numbers of core types throughout the sequence.  
Systems structure Core techno-type K2 K1 K J4 J3 J2 J1 J Total 
Peripheral 
Secant plans cores “Discoid” 3 - - - - - - - 3 
Secant plans cores “Partial exploitation” 1 1 - - - - - - 2 
Centripetal parallel plans exploitation  1 - - 2 2 2 - 4 11 
Polar  
Unidirectional parallel plans - - - 1 1 1 1 - 4 
Bidirectional parallel plans 1 - 2 1 - - - - 4 
Convergent parallel plans 1 - - 1 - 1 - - 3 
Orthogonal parallel plans 1 - - - 1 - - - 2 




Convergent semi-rotating - - - 4 - - - 2 6 
Unidirectional semi-rotating 1 - - 4 - 1 - - 6 
Pyramidal cores 1 - 1 - - - - - 2 
 Large flakes cores 1 - - 4 - - - - 5 
 Undetermined cores fragment 2 - - - - - - - 2 
 Total 13 1 3 22 4 5 2 6 56 
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3.2.1 Polar and Pheripheral Parallels plan exploitation systems. Levallois or not 
Levallois?   
 
Secant plan exploitation is rare at the Bau de l’Aubesier and shows the same variability as at 
Payre. This modality is only present in unit K, with five cores.  Three of them are knapped on 





Fig 15. Bau de l’Aubesier: Discoid cores from sub-level K2 
 
Parallel plans exploitation is widely present.  This category includes 24 cores from unit J and 6 
cores from unit K. The methods employed are highly variable: centripetal, unidirectional, 
bidirectional, orthogonal and convergent. The bidirectional, convergent and orthogonal 
methods are found in both of the two units K and J (Table 6).  Conversely, the unidirectional 
method is only present in unit J, with 4 cores with a single series of removals and 6 cores with 
a multipolar exploiation.  The centripetal method is primarily found in unit J, with just one 
centripetal core found in sub-unit K2 (Table 6). Three different types of configuration are 
recognized: Levallois, a partial configuration and a direct exploitation (Fig. 16). 
Among the 30 cores, 6 of them, in unit J, can be described as Levallois (Fig. 17). For the other 
24 cores, two different processes in core management have been observed (Table 7). The first 
variant includes a preliminary phase that partially prepares the core by unidirectional removals 
that strike the two lateral surfaces. This operation gives the core a reversed trapezoidal cross-
section (Fig 18). The aim is to create two lateral inclined striking platforms for the maintenance 
of the convexity on the flaking surface during exploitation. This particular process is mainly 




    Table 7.  Bau de l’Aubesier: parallel plan exploitation cores.  
 
System configuration Methods K2 K1 K J4 J3 J2 J1 J Tot. 
Direct exploitation 
Centripetal 0 - - 1 - 1 - 1 3 
Unidirectional - - - 1 1 1 1 - 4 
Bidirectional - - - 1 - - - - 1 
Multidirectional “SSDA type” - - - 5 - - 1 - 6 
Convergent 1 - - 1 - 1 - - 3 
Orthogonal - - - - 1 - - - 1 
Partial total 1 - - 9 2 3 2 1 18 
Partial configuration 
Centripetal 1 - - - - 1 - - 2 
Unidirectional - - - - - - - - 0 
Bidirectional 1 - 2 - - - - - 3 
Orthogonal 1 - - - - - - - 1 
Partial total 3 - 2 0 0 1 0 0 6 
Levallois Centripetal - - - 1 2 - - 3 6 
 Total 4 0 2 10 4 4 2 4 30 
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Direct exploitation is based on the selection of a specific size and shape of raw materials, in 
order to avoid the first (configuration) phase. In this case, the exploitation of the core is 
preceded only by the preparation of the striking platforms. Exploitation is performed by 
unidirectional, bidirectional, centripetal, orthogonal and convergent methods. The convergent 










 Fig 17.  Bau de l’Aubesier: Levallois cores. 
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     Fig 19. Bau de l’Aubesier: convergent cores without preparation from Unit J.  
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3.2.2 Volumetric exploitation systems.  
 
Two types have been documented, for a total of 14 cores.  Two cores are half-pyramidal cores 
and 12 cores are prismatic semi-rotating cores (Fig 20). The two half-pyramidal cores were 
found in unit K. Exploitation was carried out by convergent removals. In one case, the débitage 
starts from a cortical platform and shows a minimal phase of preparation in order to correct the 
distal convexity of the flaking surface (Fig 21 n.1).  The second core shows a more elaborate 
re-configuration based on the re-centering of the flaking surface by lateral removals.  After that, 
the core was abandoned after repeated hinged fractures (Fig. 21 n.2). The semi-rotating system 
comes primarily from unit J, with just one core out of 12 from sub-unit K2. The core volume is 
not completely shaped out before starting blade production. The management of lateral 
convexities is performed by debordant blades. In rare cases a second opposite striking platform 
is used in order to manage the distal convexity  
Removals can cover one (Fig 21 n. 3) or both of the lateral surfaces (Fig. 21, n. 1, 2). The 
methods used are unidirectional and convergent.      
 
 
          Fig 20. Bau de l’Aubesier: Variability in volumetric exploitation systems. 
  
   
                         Fig 21. Bau de l’Aubesier: Half pyramidal cores. 
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Fig 22. Bau de l’Aubesier: Semirotating cores. Sub-convergent core from sub-unit J4 (n.1); 
Unipolar core from sub-unit J4 (n.2); Refitting of unipolar semirotating core from sub-unit J2 (n.3). 
 
 
  Fig 23. Bau de l’Aubesier: Convergent semirotating cores from sub-unit J4. 
 
 
3.2.3 Volumetric and parallel plans exploitation end products: Core variability is similar to 
end-product variability. Centripetal flakes are the most frequent and are linked to the two main 
reduction processes (Table 8). Despite the low number of pieces, some observations can be 
suggested.  Centripetal flakes with secant dorsal scars (type A) are present in units K and J but 
decrease over time (Supplementary File S1, Table C). Conversely, centripetal flakes with 
parallel dorsal scars (type B) increase in unit J, as do the equivalent cores. These products can 
be classified as Levallois-type flakes but can also be the results of three different processes: 
Levallois, direct exploitation, and partial preparation types (Fig. 16). The variability of methods 
for parallel plans exploitation is confirmed by convergent, unidirectional and bidirectional 
Levallois-type flakes (Fig. 24 n 1 to 9).  Beside this dominant production of flakes, blades also 
exist in the two units; they are more numerous in the lower levels, with a proportion of 22.6% 
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in sub-unit K2 and 7.6% in sub-unit J4. The blades are triangular or rectangular, consistent with 
the pyramidal cores, and the rectangular blades can be linked to the semi-rotating unidirectional 
system (Fig 24 n 10 to 16).   
 
Table 8 – Bau de l’Aubesier, determined pieces.  Numbers in brackets represent retouched pieces. 
Levels K2 K1-K J4 J3 J2 J1-J num %  num % num % num % num % num % 
Flakes (Cortex >50%) 5 6 4 3.7 12(1) 6.5 3 10 2 25 10 12 
Flakes (Cortex<50%) 11 13.1 - 0 20(1) 10.8 4 13.3 - 0 40 48.2 
Centripetal flakes 13(2) 15.5 16(1) 15 39(11) 21.1 13 43.3 1 12.5 7(2) 8.4 
Debordant flakes (chordal) 5(2) 6 5(1) 4.7 12 6.5 - 0 - 0 5 6 
Unipolar flakes 10(1) 11.9 22(4) 20.6 30(4) 16.2 6 20 2 25 13(2) 15.7 
Debordant unipolar flakes 3(1) 3.6 5(2) 4.7 4 2.2 - 0 - 0 1(1) 1.2 
Bipolar flakes 4(2) 4.8 6(4) 5.6 2(1) 1.1 - 0 - 0 - 0 
Debordant bipolar flakes 1(1) 1.2 - 0 1 0.5 - 0 - 0 - 0 
Orthogonal flakes - 0 - 0 1 0.5 - 0 - 0 - 0 
Debordant Orthogonal flakes - 0 - 0 1 0.5 - 0 1 12.5 - 0 
Convergent/sub-convergent flakes 4(2) 4.8 5(1) 4.7 28(6) 15.1 2 6.7 - 0 1 1.2 
Bladelet 1 1.2 - 0 - 0 - 0 - 0 - 0 
Blades 19(4) 22.6 19(3) 17.8 14(5) 7.6 1 3.3 1 12.5 3(1) 3.6 
Crested blade 2 2.4 1 0.9 - 0 - 0 - 0 1 1.2 
Kombewa - 0 3 2.8 1 0.5 - 0 - 0 - 0 
Macro-outils 2 (2) 2.4 10(10) 9.3 1(1) 0.5 - 0 - 0 2(2) 2.4 
Striking platform flakes 3 3.6 5 4.7 6 3.2 1 3.3 - 0 - 0 
Shaping/retouching flakes - 0 1 0.9 3 1.6 - 0 - 0 - 0 
Rejuvenation flakes - 0 2(1) 1.9 2(1) 1.1 - 0 - 0 - 0 
Burin de Siret 1(1) 1.2 3 (2) 2.8 8 4.3 - 0 1 12.5 - 0 






Fig 24. Bau de l’Aubesier end products: On the left, flakes from parallel plans exploitation: centripetal 
flakes (n. 1 to 3), convergent flakes (n. 4 to 6), unidirectional and bidirectional flakes (n. 7 to). On the 
right, blades: convergent blades from unit J (n. 10 to 12) and from unit K (n. 16), unidirectional blades 
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3.3 Heavy-duty tools and retouched pieces at Payre 
The lithic collections yielded denticulates, notches and sidescrapers. The assemblages also 
include tools derived from shaping processes (the heavy-duty component) and some Quina 
pieces (Fig 25).  
The frequencies of tools in each assemblage range from 11.5% to 29.5% (Table 9). There does 
not seem to have been any specific choice of blank types from the débitage for any category of 
tool type (Supplementary File S2, Table E), except in unit G, where we observe more flake-
tools from peripheral exploitation system blanks (centripetal flakes and debordant flakes). 
Most of the Quina tools were found in sub-level Ga (27 pieces). Predetermined reduction 
systems devoted to the production of large blanks for Quina retouch have been identified in the 
Middle Palaeolithic elsewhere (Bourguignon 1996, 1997).  According to Baena (Baena et al. in 
press), at Payre it is impossible to describe a Quina reduction process.  The large and thick 
flakes used for Quina retouch can come from the first phase of secant parallel plans exploitation 
cores or from trifacial exploitation cores.  
 
       Table 9 – Payre, proportions of retouched and unretouched pieces. 
Levels Gb Ga Fd Fc Fb Fa n % n % n % n % n % n % 
Tools (flakes/handaxes/macro tools/pebbles) 26 22.8 238 29.5 10 9.4 12 18.2 3 11.5 73 23.2 
Unretouched pieces (flakes/pebbles) 88 77.2 568 70.5 96 90.6 54 81.8 23 88.5 241 76.1 
Total 114 100 806 100 106 100 66 100 26 100 314 23.2 
 
 
                            Table 10 – Payre, proportions of types of retouched pieces 
Levels Gb Ga Fd Fc Fb Fa n % n % n % n % n % n % 
Tools on flakes 18 69.2 166 69.7 6 60 9 75 2 66.7 45 61.6 
Quina 3 11.5 10 4.2 - 0 - 0 - 0 2 2.7 
Demi Quina 2 7.7 17 7.1 1 10 - 0  0 6 8.2 
Handaxe 2 7.7 - 0 - 0 - 0  0 1 1.4 
Partial shaped tools 1 3.8 4 1.7 1 10 - 0  0 5 6.8 
Retouched Pebbles - 0.0 41 17.2 2 20 3 25 1 33.3 14 19.2 





Fig 25. Payre: Quina tools from Unit G.  
 
Heavy-duty tools are rare. There are 3 handaxes, 2 in sub-level Gb and 1 in sub-level Fa (Fig 
26).  Eleven tools are characterized by a partial shaping operation, aimed at creating a trihedral 
morphology while leaving the main part of the piece unmodified (Fig 27).  
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      Fig 26. Payre: Bifaces from sub-unit Fa (n.1 and 2) and from Gb (n. 3). 
 
 Fig 27. Payre: Partially shaped pieces from sub-units Ga (n. 1 and 2) and 
from Fa (n. 3 and 4).  
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3.3 Heavy-duty tools and retouched pieces at Bau de l’Aubesier 
 
Retouched pieces are more frequent in units K (17.8%) and J4 (16.2%), but rare or totally absent 
in sub-levels J3 to J1-J.  The retouch rarely modifies the form of the blanks, whether flakes or 
blades. 
The only exception concerns 14 truncated pieces in unit K (12 pieces) and in sub-unit J4 (2 
pieces) (Fig. 28). Fifteen pieces (12 from unit K and 3 from J) are characterized by partial 
shaping to build a rostrum (Fig. 29). The rest of the piece is unmodified, except in the case of 
one piece from sub-level K2 (Fig. 29 n. 3).  Within the producution no specific blank type is 
selected to be retouched. (Supplementary File S2, Table D). 
 
 
Table 11 – Bau de l’Aubesier, proportions between the retouched pieces and 
blanks excluded the undetermined removals.  
Levels K2 K1-K J4 J3 J2 J1-J num % num % num % num % num % num % 
Retouched flakes 14 16.7 19 17.8 30 16.2 - 0 - 0 6 7.2 
Shaped pieces 2 2.4 10 9.3 1 0.5 - 0 - 0 2 2.4 
Unretouched flakes 68 81.0 78 72.9 154 83.2 30 100 8 100 75 90.4 




  Fig 28.  Bau de l’Aubesier: Truncated pieces from unit K (n. 1 and 2) and unit J4 (n.3). 
 
 
Fig 29.  Bau de l’Aubesier: Partially shaped pieces from sub-unit K1 (n. 1 and 2) and sub-unit 
K2 (n. 3) 
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4 – Discussion and Conclusion 
 
4.1 Similarities and differences in lithic production at Payre and the Bau de l’Aubesier. 
 
The technological strategies performed at the Bau de l’Aubesier and Payre show both 
differences and common features over time.  At the Bau de l’Aubesier the major differences 
between units K and J include the appearance of Levallois débitage in unit J, in parallel with 
the disappearance of Discoid production. The pyramidal system disappears in unit J, replaced 
by the development of a semi-rotating system and in particular by the convergent method, 
which is absent in unit K (Fig. 30). At Payre, the differences between the sub-levels seem to be 
less marked than at the Bau de l’Aubesier. The main shift over the time span from unit G to 
unit F is constituted by an increase of the Discoid system, associated with a decrease in the 
partial peripheral system and the disappearance of the trifacial cores. The shift also includes a 
marginal bladelets production and a decrease in the number of Quina pieces.  
Comparing the lithic assemblages of the two sites, differences in terms of technological 
behaviours appear clearly at multiple levels: core management, reduction systems and tool kits.  
From a macroscopic point of view the Payre assemblages are the result of a double behaviour, 
with both knapping and shaping processes (Fig 30). Shaping processes are almost entirely 
absent at the Bau de l’Aubesier, represented only by core technologies and the partial shaping 
operation described for a few pieces. If we compare the core technologies between the two sites, 
strong and clear differences appear.  At the Bau de l’Aubesier, reduction systems were 
performed on both the surface and the volume of cores, in order to produce both flakes and 
blades. Conversely at Payre, volumetric exploitation is absent except for a marginal but 
noteworthy bladelets production (Fig. 30). 
 
 
Fig 30.  Summary of the reduction processes over the sequences at Payre and the Bau de l’Aubesier 
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If we compare the exploitation systems in detail, differences are again recognizable. The 
Levallois concept present at the Bau de l’Aubesier is totally absent at Payre. Flakes at Payre 
are mainly produced by secant plans exploitation, discoid systems, partial peripheral systems 
and trifacial cores. 
At the Bau de l’Aubesier, variability in flake production is principally due to parallel plans 
exploitation systems, including Levallois, while exploitation by secant plans plays a minor role.   
Concerning tool composition and proportions, we again observe different trends at the two sites. 
Primarily, the tool kit proportion is higher at Payre than at the Bau de l’Aubesier, ranging from 
11% to 29.5% at Payre, while at the Bau the l’Aubesier, tools represent between 7.2% and 
17.8%, and in sublevels J3 and J2 they are totally absent. At Payre, the flake-tools are notches, 
denticulates and scrapers. Moreover, some Quina pieces, pebble-tools and some handaxes make 
up the heavy-duty component. At the Bau de l’Aubesier, the tools are on flakes and blades and 
are retouched by a marginal retouch that only slightly modifies the pieces, except for some 
truncated pieces and some partial bifacial tools (rostrum). This reduced importance of the tool 
kit at the Bau de l’Aubesier can be explained by the use of core technologies based on 
predetermined systems, such as Levallois, which produce a blank form that does not need to be 
modified. The common features between the sites are minor.  The two sites share the use of 
unidirectional methods by parallel plans exploitation, even if at the Bau de l’Aubesier some 
types are absent. The main common features concern Payre units G and F and Bau de l’Aubesier 
unit K, where the Discoid system and the secant partial peripheral system were both found. 
 
 
4.2 Possible reasons for the variability between the lithic assemblages of the two sites.  
 
The two sites are located in a similar environmental setting, within the same region in South-
East France, being (broadly speaking) located on opposite sides of the Rhône corridor. They 
are both in a more or less open cave or rock shelter, opening onto a slope of a narrow valley 
with a river, and close to low plateaus. Payre is closer to the Rhône Valley, while the Bau de 
l’Aubesier’s environment is dominated by the nearby Mont Ventoux (1912 m elevation).  
Nonetheless, it is reasonable to assume that deposits that accumulated during the same time 
period (MIS 8 and 7, considered here) at the two sites would have accumulated under similar 
conditions of climate and floral and faunal resource availabilities. 
Despite this environmental similarity, however, the technological strategies and tool kits differ 
greatly, and few common features can be observed between the occupations of the two sites. 
We also see that at each site, there are differences between the layers, showing change in 
technological approaches through time.   This diversity of strategies is therefore clearly not only 
due to the particular site but also reflects variability in strategies employed by the human groups 
living in this part of France at that time.  In order to better understand the variability of human 
behaviours during the Early Middle Palaeolithic (EMP) we can also examine the raw material 




4.2.1 Raw material strategies at Payre and at the Bau de l’Aubesier. 
 
Payre : Flint procurement patterns at Payre indicate differences in land use through time, 
perhaps due to differences in the duration of occupation between units G and F. Unit G is 
considered to have recorded long-term occupations while unit F reflects short-term occupations 
in a smaller cave (Rivals et al., 2009; Daujeard et al., 2011). 
For instance, for sub-level Gb, 11 flint types have been described (Fernandes et al., 2008, 2010).  
Most of the flint came from the southern plateau along the Rhône River, following a North-
South axis. Flint was collected mainly at surface (primary and secondary formations, 90%) or 
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fluvial deposits, or at outcrops located from 5 to 15 km around the site, as fragments of nodules 
or large flakes. Some large flakes and nodules came from 30 km or small flakes from 60 km to 
the south of the site (reflecting partial reduction processes). The Rhône valley itself was rarely 
used for flint procurement.  
Conversely, in Unit F most of flint was collected from alluvial deposits (90%). The exact 
location of the outcrops is therefore impossible to identify and only a maximum perimeter may 
be given. Ten types have been identified, some of which are also found in the unit G assemblage. 
Flint collecting was carried out more to the west of the site than is the case for unit G, but there 
was again some collecting in the southern area.  
The basalt in the two basal units was collected at the foot of the site (from the remains of terraces 
on the slope) and introduced as pebbles of various sizes or large flakes. Primary sources of 
basalt are located upstream of the Payre River in the volcanic massif of the Coiron. Most of the 
pebbles were left whole. Despite the badly preserved superficial surfaces of the pebbles, some 
show percussion marks and could have been used as hammerstones. 
The elongated and flat pebbles were shaped into unifacial pebble-tools and left numerous 
cortical flakes. Crushing marks and flakes from rejuvenation attest to their use in situ.  
Local quartz arrived as rare pebbles and above all as flakes. The reduction processes are partial 
(Moncel et al., 2008). The rare cores have two secant or orthogonal surfaces. As was the case 
for the flint, flaking was mainly performed by a series of unipolar removals, rarely centripetal. 
Some large pieces could be modified cores (crush marks on the cutting edges) or are large tools 
on fragments of pebbles.  
The flakes are thick and sometimes backed. Between 10 and 15% are retouched (one edge or 
convergent edges).  
The marly and siliceous limestones were collected in the Payre or Rhône Rivers.  
Some fragments of the cave limestone were collected and just retouched.  Pebbles were broken 
or shaped. Flakes are numerous, thin, largely cortical and small, and imported, as for quartz. 
Few are retouched.  Two cores in level Fa cannot be refitted with flakes. The flaking took place 
on small flat pebbles and cores with two secant surfaces.  
Quartzite arrived as pebbles and above all as large and small flakes, collected possibly along 
the Rhône River. The large flakes, flaked from large cobbles outside, are unretouched or 
retouched as large unifacial or bifacial tools (peripheral, pointed or transversal).  The large 
flakes are cortical or partially cortical. Crushing marks on edges support a use for heavy 
activities. Only one piece could be considered as a core or a re-used broken bifacial tool. Small 
flakes could come from the rejuvenation of the heavy-duty tools or have been imported for 
unknown reasons, as with the large basalt tools on flakes.  
 
Bau de l’Aubesier: At the Bau de l’Aubesier, almost the entire assemblage is in flint, but it has 
been possible to distinguish many different types of flint and track them back to source areas 
throughout the region, as well as evaluate a variety of characteristics of each source area that 
would influence hominins’ choice of whether or not (or how much) to use it (Wilson, 2007a, b, 
c; 109 Wilson, 2011; Browne and Wilson, 2011, 2013; Wilson and Browne, 2014).  In all levels, 
a considerable proportion of the lithic assemblage has been patinated to such an extent that the 
pieces can only be identified as being flint, and no source can be attributed. There are also a 
few flint types for which sources have not been identified, but these account for a very small 
number of pieces.  Taking these together with the patinated pieces, however, in levels J-J4 
together, the sources of 43.2% of the pieces are either unidentified or unidentifiable; in levels 
K-K2 these account for 51.7% of pieces. 
Once these unidentified pieces are excluded, the small numbers of remaining pieces in the sub-
layers make it more reasonable to combine sub-layers and deal with an overall layer J and an 
overall layer K.  These two assemblages have similar sizes: 830 pieces in J, and 880 in K.  A 
variety of attempts has been made to try to detect whether the patination of such a large number 
of pieces has biased the remaining sample (e.g., with patination affecting some flint types more 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 54 
than others, thereby selectively removing them from the sample).  No such effect has been 
found, so we consider these samples to be representative of the overall use of raw material 
sources for each assemblage. 
In both layers, all of the material was obtained within 15 km of the site, with the bulk of it 
coming from source areas along a SW-NE trending axis (Fig. 31).  
 
 
 Fig 31.  Bau de l’Aubesier:  Map of sources of layer J (on the the left) and K (on the right)  
 
In both layers, the assemblages are dominated by material from the Murs area, to the SW of the 
site, despite the fact that this is at the far end of the normal provisioning range (Table 12).  
Clearly, a distance-decay model, where raw materials would be less common the farther away 
their source is, does not apply in this case.  There are some differences between the two layers 
in terms of the percentages of material from Murs among various typological categories, but in 
both layers all parts of the chaîne opératoire are present and common, suggesting that this raw 
material was imported as nodules or cores, and worked in situ. 
 
Table 12 -  Bau de l’Aubesier.  Sources of raw material in the Bau de l’Aubesier assemblages. 
  Layer J Layer K 
Source Area Direction n. % n. % 
Nord Aurel NE 1 0.1 - 0 
St. Trinit NE 15 1.8 7 0.8 
Sault NE 155 18.7 171 19.4 
Nord des gorges NW - 0 4 0.5 
St. Jean de Sault E 3 0.4 - 0 
Local -- 37 4.5 4 0.5 
Faraud SW 126 15.2 177 20.1 
Méthamis SW 47 5.7 97 11 
Murs SW 446 53.7 420 47.7 
TOTAL -- 830 100 880 100 
   
 
Raw material from other sources to the SW is also common in both layers, such that overall 
74.6% of pieces in layer J, and 78.8% of pieces in layer K, are from the SW area.  Use of sources 
off the SW-NE axis is extremely minor, and variable.  Use of the source closest to the Bau de 
l’Aubesier is also minor, especially in layer K (only 4 identified pieces), and we have as yet no 
explanation to suggest for that.   
The use of sources to the NE (which include the one piece of quartzite) does follow a distance-
decay pattern, and the overall percentage of pieces from those sources is very similar in the two 
layers (20.6% in layer J, 20.2% in layer K), but there are some noteworthy differences in the 
use of these materials for different typological categories.  In the lowest layers, K-K2 together, 
the material from the NE is distributed among tool categories in much the same way as the 
material from the SW, suggesting that it, too, was imported and knapped in situ.  In layer J, 
however, the material from the NE is more common among the retouched flakes, large flakes 
and blades than it is in the debris, small flakes or cores, suggesting that it was imported in a 
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more finished form, representing a more specialised or careful use of that material than the 
material from the SW.  For example, taking retouched and shaped items together, raw material 
from the NE makes up 27.3% of such items in layer J, but only 13.7% of them in layer K.  On 
the other hand, material from the NE accounts for only 4.9% of cores in layer J, but 13.6% of 
cores in layer K.  We can therefore propose that strategies for use of the landscape, reflected in 




4.2.2 - Subsistence strategy at Payre and at the  Bau de l’Aubesier 
 
At Payre the spectrum of ungulates is mainly composed of red deer (Cervus elaphus), horse 
(Equus mosbachensis), bovines (Bos primigenius and Bison priscus) and rhinoceroses 
(Dicerorhinus hemitoechus and D. kirchbergensis). Carnivores are especially numerous in unit 
F. Among them, cave bear (Ursus spelaeus) is predominant, associated with other carnivores 
including some large predators such as wolf (Canis lupus), hyena (Crocuta spelaea) and cave 
lion (Panthera (Leo) spelaea) (Auguste 2008; Daujeard 2008; Patou-Mathis et al. 2008; 
Daujeard et al. 2011). This faunal list reveals a mildly cold climate and different biotopes, 
including forests, wooded prairie, steep rocky sides (Payre canyon), as well as open-steppe 
environments. The microfaunal remains indicate colder and steppic environments in units G 
and F (Desclaux et al. 2008).  Possible disturbances in karstic deposits could explain this 
mismatch between macro- and micro-faunal remains (Moncel et al., 2015), such as by migration 
of small bones through the deposits. 
The occupation types were different in units G and F. In F, carnivores commonly inhabited the 
site, suggesting that hominid occupations alternated with carnivore denning (Daujeard 2008; 
Daujeard et al. 2011). The study of the ungulate tooth microwear patterns attest to longer 
occupations in a larger cave in unit G than in unit F, where the cave’s size and ceiling height 
were reduced, in agreement with the smaller number of lithic artefacts and the taphonomical 
study of the faunal remains. Unit F was mostly a carnivore den with shorter-term human 
occupations (Rivals et al. 2009; Daujeard et al. 2011). Unit G recorded longer-term occupations 
with a high anthropic impact on horses, deers and bovids, the three main hunted species (Patou-
Mathis et al. 2008). 
The anthropogenic activities left numerous sorts of evidence at Payre. Ungulate bones were 
intensively cut-marked, broken, and some were burned. Fire was used in each layer, but there 
are no clear hearth structures other than in unit G. The lithic residues and use-wear analysis 
show evidence, among other things, of fish processing in units Fa and D and of the use of avian 
resources (Hardy and Moncel 2011).  
Similarities in the faunal corpus exist between units G and F (Dashek et al., et Auguste et al., 
in Moncel Dir., 2008; Daujeard, 2008; Daujeard et Moncel, 2010; Daujeard et al., 2011). The 
main species which characterize the assemblages are cervids, bovines, horses and rhinoceros. 
The rhinoceros include only young and old individuals, but the three main species are 
represented by adults, young, and young adults. In unit G, mortality curves indicate hunting all 
through the year. In unit F, conversely, hunting is more frequent in the autumn. In the two units, 
rhinoceros remains were mainly due to scavenging, although for unit F there is some evidence 
of occasional hunting of adults in the swamps of the Rhône Valley at the foot of the cave.  
The difference between the two units is mainly due to the action of carnivores. In unit F, 
carnivore tooth-marks are present on between 2 and 6% of the NR > 5 cm, while in unit G, the 
value is around 1%. Except for cave lion and wild cat, the same species of carnivores exist in 
the two units. Unit F is moreover largely dominated by remains of Ursus spelaeus. Bears settled 
in the cave for winter, alternating with human occupations; these are followed in abundance by 
wolves, hyenas and big cats using the site. In unit G, cave bears are less numerous, as are foxes, 
hyenas and wolves.  
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Cut-marks on the different taxa of herbivores indicate that some small species were not brought 
by humans to the cave (roe deers, tahrs or boars). The middle and large herbivores attest 
conversely to human actions, which were more intense in unit F (cut-marks and bone breakage 
for marrow recovery). In both units, the anatomical proportions of ungulates and location of 
anthropic marks indicate primary butchery activities for cervids and secondary butchery 
activities for bovines, horses and rhinoceros (with the first skinning having taken place at the 
hunting location).  
Burnt bones in the two units provide evidence of fire use, with the possible use of bones as the 
combustible. In unit G, one ash lens could be the remains of a fire place. Some bone retouchers 
attest to the use of bone. 
In both units, faunal remains indicate the main anthropic accumulations. In unit F carnivores 
played a large role in the consummation of carcasses, and bear occupations were important: 
tooth marks indicate secondary occupations after the departure of humans. Human occupations 
took place in unit G during long-term phases all through the year, while in unit F there were 
short-term occupations mainly in the autumn.  
 
At the Bau de l’Aubesier, Fernandez (2006) reports for layers J and K combined that he 
identified a minimum of 38 individual animals.  Most of these were of large animals: 17 Bos 
primigenius, 12 Equus mosbachensis, 1 Dicerorhinus hemitoechus, and 1 Megaceros giganteus.  
There was also 1 Cervus elaphus, 2 Capreolus capreolus, 2 Hemitragus cedrensis, 1 Dama 
dama, and 1 Rupicapra rupicapra.  From this, he suggests that these lowest levels are probably 
from MIS 7 or early 6, and that the climate was rigourous, with an open landscape.  The two 
main species hunted, aurochs and horse, were both large animals but with very different 
behaviours, necessitating two separate hunting strategies (Fernandez, 2001; Fernandez et al., 
1998, 2003, 2006).  
 
 
4.3 Payre and the Bau de l’Aubesier in the MIS 9-7 European context. Traditions? 
 
The comparison between Payre and the Bau de l’Aubesier does not show any significant 
divergence in terms of raw material strategies. At both sites, we see a local and semi-local 
provisioning with good quality flint, and some other local rocks. Raw materials were collected 
in the form of nodules, pebbles, flakes and slabs. At Payre, local stones (basalt and quartzite) 
were shaped to produce bifaces and pebble tools. These types of tools are absent at the Bau de 
l’Aubesier.  Flint was largely employed for flaking at Payre even if a minor quantity of quartz 
was used as well. At Bau de l’Aubesier raw material used is flint excepting for one piece in 
quartzite. Procurement is obtained within 15 km of the site. At neither site do we see any 
undeniable relationship between changes in core technologies or tool kits and mode of flint 
procurement.    
There are no signs of different specialized activities at either site. Subsistence strategies at both 
sites show that faunal resources were treated and consumed in situ. Herbivores were the main 
species hunted and each site is characterized by more or less long-term seasonal occupations.   
Thus the raw material procurement and subsistence strategi suches observed do not account for 
the technological differences observed at Payre and the Bau de l’Aubesier. 
The technical behaviour observed at Payre and the Bau de l’Aubesier must be seen in the 
context of the variability of the Western European EMP. The coexistence of some handaxes 
and dominant core technologies in the Payre sequence is a typical pattern of the EMP with 
persistence of bifacial tools.  The presence of the Levallois core technology at the Bau de 
l’Aubesier is another technological feature shared by assemblages from the MIS 9. 
Beside that, some specific technological features characterise each assemblage. The volumetric 
blade production at the Bau de l’Aubesier, dated to the end of MIS 7, provides evidence that 
this type of technology is older than previously shown in southern France, where until now it 
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had been dated to the end of MIS 6 and the beginning of MIS 5 (Gagnepain et al 2004; Moncel 
et al., 2008, 2010; Blaser et al 2012). In a broader comparison, the only other site in southern 
Europe with a blade production earlier than MIS 5 is Cave dell ‘Olio located in northern Italy, 
whichdates back to MIS 9 (Fontana et al. 2013, Fontana 2009). As at the Bau de l’Aubesier, at 
that site there is also early evidence of Levallois core technology. Moreover, the semi-
pyramidal cores related to the blade production at Cave dall ‘Olio and partially at the Bau de 
l’Aubesier are unusual for the EMP, where the most common reduction systems are linked to 
prismatic cores exploited by a rotating and semi-rotating rhythm.  
 
The production of bladelets at Payre, even if occasional, is another noteworthy behaviour which 
is uncommon in the EMP.  The intentional production of bladelets is recordered during the final 
phases of the Middle Palaeolithic (MIS 4 -3). It has been noted at the sites of El Castillo and 
Cueva Morin in Spain (Fernández et al. 2004), at Champ Grand (Slimak and Lucas 2005; 128 
Slimak 1999) and Combe Grenal in France (Faivre 2012), at Fumane and at Grotta del Cavallo 
in Italy (Peresani 2012, 131 Peresani et al 2013, Carmignani 2010), and at Balver Höhle in 
Germany (Pastoors and Tafelmaier 2010).  Recently, a bladelet production dated back to the 
MIS 5 has been described at the site of Riparo del Molare in southern Italy (Aureli and 
Ronchitelli in press). 
 
Focusing our comparison on south-eastern France, where Payre and Bau de l’Aubesier are 
located, a more few sites can help us to propose a regional scenario. The presence of the 
Levallois in south- eastern France during the EMP is well known. The sequences of Orgnac 3, 
covering a span time from MIS 9 to 8, show a gradual development of Levallois technology 
with a decrease in bifacial tools (Moncel et al 2012, Moncel, 2005; Moncel 1995). The 
association of a few bifaces and bifacial tools and dominant core technologies brings together 
Orgnac 3 and Payre, except that the Levallois technology is lacking at Payre (except for some 
possible pieces introduced into the site in unit F).   
The blade production observed at the Bau de l’Aubesier may be compared to what is described 
at Baume Bonne with both a Levallois and blade technologies dated to the MIS 6/5. The 
sequence of Baume Bonne, dated from MIS 10 to MIS 5, is long and complex, with changes in 
the technical behavior through time (Gagnepain and Gaillard, 2005; Hong, 1993). The early 
phases, units I and II (MIS 10 to 8), show a coexistence of bifaces and pebble tools with a 
production of flakes by discoid and SSDA technologies. In MIS 8, the Levallois is present and 
is associated with rare bifaces. During the MIS 6 and 5, the Levallois is stabilized and 
diversified in various methods including the production of blades (Gagnepain et al 2004).  Lack 
of Levallois evidence associated with shaping processes in the earliest phase at Baune Bonne 
constitutes a trend comparable to what is recorded in units G and F at Payre. The development 
of the Levallois and blade technologies in the recent phases at Baume Bonne only partially 
correspond to what is recognized at the Bau de l’Aubesier.The Levallois core technology at 
Bonne Bonne is performed by various methods (convergent, centripetal, unipolar) while at the 
Bau de l’Aubesier only the centripetal method is employed. Moreover, at the Bau de l’Aubesier, 
the blade production is exclusively made by volumetric systems (pyramidal and prismatic) 
while at Baume Bonne, blades are obtained by both a volumetric and a surface management 
(Levallois). This is also the case for Baume Flandin, close to Payre and dated to the MIS 5e 
(Moncel et al., 2008, 2010), with blade debitage by a Levallois concept and directly on flint 
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5 – Conclusion 
 
Technological behaviors recognized at Payre and the Bau de l’Aubesier shared features 
typical of the EMP such as, on the one hand, the presence of handaxes, and on the other the 
use of Levallois and laminar core technologies.  
However, differences between the sites appear in the reduction systems employed (volumetric 
and Levallois concepts only observed at the Bau de l’Aubesier), types of end-products and 
tool kits. This variability does not seem to be linked to external factors such as the raw 
materials or other activities. 
The two sites located within the same region, on opposite sides of the Rhône River valley, so 
their environments would have been similar, and we could expect more common features 
between the two sites. This particular geographical situation can be one of the reasons which 
contribute to maintaining distinct technological traditions even if the sites are contemporary.  
The results at Payre and the Bau de l’Aubesier perfectly illustrate the diversity of 
technological strategies employed by human groups of the EMP.  They demonstrate that the 
trajectory of behavioural changes in material culture is far from homogeneous and monolithic 
in time and space. Depending on the chronological and geographical scale, the classical 
subdivision between Lower and Middle Paleolithic must be revised to describe a complex and 
multifaceted archaeological reality with a rythm which remains to be described. 
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Technological variability during the MIS 9-7 in Western Europe. Reduction 
systems and predetermined products at the Bau de l’Aubesier and Payre 
(South-East France). 
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To clarify the terminology used in this work we are going to describe it in the technological 
order used during the study of the lithic collection.  
 
 Volumetric concept: Volumetric and Surface exploitation were distinguished by means of the 
volumetric structure analyses (Boëda 1988, 1990, 2013). Supplementary differentiation was 
integrated to distinguish a surface exploitation applied on a large surface as in the case of the 
Levallois concept and a surface exploitation applied to a narrow surface but that exploits the 
core along its short axis.  We limited the attribution to a volume exploitation just to the cores 
that are exploited on the narrow surface along its longer axis. 
 
Striking platforms organization: In relation to the organization of the striking platforms and 
their positioning on the core the reduction process can follow two types of exploitation 
modality: polar and peripheral. The polar modality includes all of the reduction systems based 
on the extraction of a series of removals that are detached starting from a striking platform 
positioned at one of the poles of the core. In relation to the position of the striking platforms on 
the cores, three categories of polar exploitation can be identified: Unipolar, Bipolar with 
opposite striking platforms, and Bipolar with orthogonal striking platforms.  
In this subdivision, we do not consider multipolar exploitation to be a valid variant, unlike 
SSDA systems. In fact, in that case the presence of more than two series of removals on 
different surfaces of the core can be the result of the repetition of the unipolar or bipolar 
modality on the same volume. 
The peripheral modality includes the reduction systems where the removals were struck from 
platforms extending around the core’s periphery without a specific starting pole. In this 
category are include Discoid systems (unifacial and bifacial) and the partial peripheral 
exploitation systems. 
 
Exploitation methods:  After the choice of the volumetric concept and the positioning of the 
striking platforms (prepared or not), the exploitation method chosen is another technological 
variant, which serves to complete the reduction system.  We defined the method as an algorithm 
that is a minimal sequence of detachment organized in relation to the direction of the removals 
and their combination. The direction of the methods can be convergent, unidirectional, 
bidirectional, centripetal, chordal, or orthogonal.  On the basis of the combination of the 
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removals, the bidirectional method can follow an intersected or alternated rhythm.  Various 
other combinations of removals are possible. 
The organization of the detachments was identified by taking into account a previous diacritical 
analysis of both cores and flakes, distinguishing the initial stage from the main stage of the 
débitage. Based on this we attributed each piece to a specific method, taking into consideration 
just the scars that are correlated with the main stage of débitage.    
 
Angle of exploitation:  Whatever the reduction systems used the direction of the exploitation 
of the core can have just two variants: by secant plans and by parallel plans. Among the main 
reduction systems, exploitation by secant plans is common in the discoidal systems and partially 
used in Quina reduction systems.  The exploitation of parallel plans is used for the majority of 
the reduction systems, including the Levallois concept. The inclination of the scars of the 
negatives of the removals has also been documented in order to distinguish whether the blanks 
come from a secant or parallel plans exploitation.  Measurement of the angle degree for both 
cores and blanks was made with a profilometre.  
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Technological variability during the MIS 9-7 in Western Europe. Reduction 
systems and predetermined products at the Bau de l’Aubesier and Payre 
(South-East France). 
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Table A. Payre, type A and type B flakes  
Levels Gb Ga Fd Fc Fb Fa N % N % N % N % N % N % 
A1 Centripetal flakes with secant dorsal scars 24 45.3 168 35.5 13 28.3 7 38.9 7 53.8 56 45.5 
A2 Debordant flakes with secant dorsal scars 12 22.6 77 16.3 7 15.2 2 11.1 1 7.7 32 26 
Subtotal (A type) 36 67.9 245 51.8 20 43.5 9 50 8 61.5 88 71.5 
B1 Centripetal flakes with parallel dorsal scars 13 24.5 169 35.7 20 43.5 7 38.9 5 38.5 27 22 
B2 Debordant flakes with parallel dorsal scars 4 7.5 59 12.5 6 13 2 11.1 - 0 8 6.5 
Subtotal (B type) 17 32.1 228 48.2 26 56.5 9 50 5 38.5 35 28.5 




                 Table B. Payre, Type of platform of Type A and B flakes. 
Type of platform Gb Ga Fd Fc Fb Fa N % N % N % N % N % N % 
(A1) Inclined 16 30.2 102 21.6 13 28.3 6 33.3 7 53.8 56 45.5 
(A1) Rectilinear 8 15.1 35 7.4 - 0 - 0 - 0 - 0 
(A1) Punctiform/Linear - 0 31 6.6 - 0 1 5.6 - 0 - 0 
(A2) Secant 9 17 44 9.3 6 13 2 11.1 1 7.7 28 22.8 
(A2) Rectilinear 1 1.9 12 2.5 - 0 - 0 - 0 2 1.6 
(A2) Punctiform/Linear 2 3.8 21 4.4 1 2.2 - 0 - 0 2 1.6 
(B1) Secant 4 7.5 70 14.8 5 10.9 2 11.1 - 0 5 4.1 
(B1) Rectilinear 9 17 59 12.5 13 28.3 5 27.8 5 38.5 19 15.4 
(B1) Punctiform/Linear - 0 40 8.5 2 4.3 - 0 - 0 3 2.4 
(B2) Secant 4 7.5 17 3.6 2 4.3 1 5.6 - 0 6 4.9 
(B2) Rectilinear - 0 30 6.3 4 8.7 1 5.6 - 0 2 1.6 
(B2) Punctiform/Linear - 0 12 2.5 - 0 - 0 - 0 - 0 





 Table C. Bau de l’Aubesier, type A and type B flakes 
Levels K2 K1-K J4 J3 J2 J1-J N % N % N % N % N % N % 
A1 Centripetal flakes with secant dorsal scars 5 27.8 8 38.1 6 11.8 2 15.4 1 100 - 0 
A2 Debordant flakes with secant dorsal scars 3 16.7 1 4.8 7 13.7 - 0 - 0 2 16.7 
B1 Centripetal flakes with parallel dorsal scars 8 44.4 8 38.1 33 64.7 11 84.6 - 0 7 58.3 
B2 Debordant flakes with parallel dorsal scars 2 11.1 4 19.0 5 9.8 - 0 - 0 3 25 
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  Table D. Bau de l’Aubesier, Type of platform of Type A and B flakes. 
 
Type of platform 
K2 K1-K J4 J3 J2 J1-J 
N % N % N % N % N % N % 
(A1) Secant 1 5,6 8 38,1 2 3,9 2 15,4 1 100 - 0 
(A1) Rectilinear 3 16,7 - 0 2 3,9 - 0 - 0 - 0 
(A1) Punctiform/Linear 1 5,6 - 0 2 3,9 - 0 - 0 - 0 
(A2) Secant 1 5,6 - 0 7 13,7 - 0 - 0 - 0 
(A2) Rectilinear - 0 1 4,8 - 0 - 0 - 0 - 0 
(A2) Punctiform/Linear 2 11,1 - 0 - 0 - 0 - 0 - 0 
(B1) Secant 1 5,6 1 4,8 - 0 - 0 - 0 - 0 
(B1) Rectilinear - 0 - 0,0 18 35,3 5 38,5 - 0 3 25,0 
(B1) Punctiform/Linear 7 38,9 7 33,3 15 29,4 6 46,2 - 0 4 33,3 
(B2) Secant - 0 1 4,8 - 0 - 0 - 0 - 0 
(B2) Rectilinear - 0 2 9,5 3 5,9 - 0 - 0 3 25,0 
(B2) Punctiform/Linear 2 11,1 1 4,8 2 3,9 - 0 - 0 2 16,7 





Table E. Payre, Comparison of the flake techno-types with the incidence of retouch for each 
category. *  Numbers in brackets indicate the number of retouched pieces for each category. 
The % ret column indicates the percentage of retouched pieces for each category.  
 
Levels 
Gb Ga Fd Fc Fb Fa 
N 
tot(ret) % ret 
N 
tot(ret) % ret 
N 
tot(ret) % ret 
N 
tot(ret) % ret 
N 
tot(ret) % ret 
N 
tot(ret) % ret 
Centripetal flakes 37 (5) 13.5 337 (83) 24.6 33 (4) 12.2 14 (4) 28.5 12(2) 16.6 83(22) 26.5 
Debordant flakes (chordal) 16 (5) 31.2 135 (48) 35.5 12 (1) 8.3 3 0 - 0 37 (4) 10.8 
Pseudolevallois - 0 1 0 1 0 1 0 1 0 3 0 
Unipolar flakes 10 (1) 10 24 (3) 12.5 13 0 3 (1) 33.3 3 0 26 (8) 30.7 
Debordant unipolar flakes 2 0 5 (1) 20 4 0 - 0 - 0 1 (1) 100 
Bipolar flakes 1 0 2 0 - 0 2 0 - 0 - 0 
Debordant bipolar flakes - 0 1 0 - 0 2 0 - 0 - 0 
Orthogonal flakes 1 0 5 (3) 60 - 0 2 0 - 0 - 0 
Convergent/sub-convergent flakes 2 (1) 50 10 0 - 0 - 0 - 0 - 0 
Bladelets - 0 - 0 3 0 - 0 - 0 - 0 
Blades - 0 - 0 7 0 - 0 - 0 - 0 
Kombewa 3 0 27 (5) 18.5 1 0 1 (1) 100 1 0 19 (1) 5.2 
Kombewa debordant 1 (1) 100 4 (2) 50 - 0 - 0 - 0 3 0 
Wide flakes 1 0 22 (7) 31.8 17 (1) 5.8 6 (3) 50 1 100  31 (9) 29 
Striking platform flakes 2 (1) 50 1 0 - 0 7 0 - 0 2 0 
Shaping/retouching flakes 4 0 43 0 1 0 3 0 - 0 10 0 
Rejuvenation flakes 1 0 21 (14) 66.6 - 0 - 0 - 0 - 0 
Crested flakes 1 0 - 0 4 0 - 0 1 0 1 0 























UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 63 
Table F. Bau de l’Aubesier, Comparison of the flake techno-types with the incidence of retouch 
for each category. *  Numbers in brackets indicate the number of retouched pieces for each 
category. The % ret column indicates the percentage of retouched pieces for each category.  
 
Levels K2 K1-K J4 J3 J2 J1-J num %  num % num % num % num % num % 
Flakes (Cortex >50%) 5 0 4 0 12(1) 8.3 3 0 2 0 10 0 
Flakes (Cortex<50%) 11 0 - 0 20(1) 5 4 0 - 0 40 0 
Centripetal flakes 13(2) 15.4 16(1) 6.2 39(11) 28.2 13 0 1 0 7(2) 28.6 
Debordant flakes (chordal) 5(2) 28.6 5(1) 20 12 0 - 0 - 0 5 0 
Unipolar flakes 10(1) 10 22(4) 18.2 30(4) 13.3 6 0 2 0 13(2) 15.3 
Debordant unipolar flakes 3(1) 33.3 5(2) 	 4 	 - 0 - 0 1(1) 	 
Bipolar flakes 4(2) 50 6(4) 66.7 2(1) 50 - 0 - 0 - 0 
Debordant bipolar flakes 1(1) 100 - 0 1 0 - 0 - 0 - 0 
Orthogonal flakes - 0 - 0 1 0 - 0 - 0 - 0 
Debordant Orthogonal flakes - 0 - 0 1 0 - 0 1 0 - 0 
Convergent/sub-convergent flakes 4(2) 50 5(1) 20 28(6) 21.4 2 0 - 0 1 0 
Bladelet 1 0 - 0 - 0 - 0 - 0 - 0 
Blades 19(4) 21.1 19(3) 15.8 14(5) 35.7 1 0 1 0 3(1) 33.3 
Crested blade 2 0 1 0 - 0 - 0 - 0 1 0 
Kombewa - 0 3 0 1 0 - 0 - 0 - 0 
Macro-outils 2 (2) 100 10(10) 100 1(1) 100 - 0 - 0 2(2) 100 
Striking platform flakes 3 0 5 0 6 0 1 0 - 0 - 0 
Shaping/retouching flakes - 0 1 0 3 0 - 0 - 0 - 0 
Rejuvenation flakes - 0 2(1) 50 2(1) 50 - 0 - 0 - 0 
Burin de Siret 1(1) 100 3 (2) 66.6 8 0 - 0 1 0 - 0 
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 Blade and bladelets in the Neanderthal techno-cultural 
baggage: Evolution of elongated product at the Bau de 




1 IDQP Phd candidate. IPHES, Institut Català de Paleoecologia Humana i Evolució Social, Tarragona, Spain, 2 Àrea de 
Prehistòria, Universitat Rovira i Virgili (URV), Tarragona, Spain. 





The insurgence of the blade phenomenon in Europe can be considered as one of the most 
remarkable facts that is related to a broader technological change which is the shift from the 
Lower to the Middle Paleolithic.  The emergence of blades is inhomogeneous in time and space 
and can be detected in three different geographical areas that are Europe, Middle-East and 
Africa: in Africa around 500 ka, in Middle-East between 300-250 ka and in Europe between 
250-200 ka. 
In Europe, after the first phase of insurgence, which is concentrated in northern Europe, blade 
reduction systems reappear clearly during the MIS 5. Subsequently, at the end of the Middle 
Paleolithic (MIS 4 – 3) bladelets make their appearance while blade phenomenon spread also 
in the south and eastearn Europe.      
Reduction strategies used to produce blades during this large span of time are constituted by a 
large variability that is not possible to fill it in a univocal model. The evolution of the Middle 
Paleolithic blade phenomenon shows a complex scenario that is not yet well defined.  
 In this paper, we report new evidences of blade and bladelets production found at Bau de 
l’Aubesier contributing to enlarge our knowledge about the rise and the evolution of production 
of elongated product during the Middle Paleolithic in the southern Europe. The lithic industries 
analysed by a technological approach put in evidence a long-term evolution of blade 
production covering a span time of 100 ka from the end of MIS 7 (marine isotopic stage) to the 
MIS 5. The blades and bladelets reduction strategies recognized allong the sequence show a 
high technological variability that evolved in parallel with a multiple type of flakes reduction 






Three macro-areas show the insurgence of the blade phenomenon during the Middle 
Pleistocene: Africa, Near East and Europe (Fig 1). The most ancient blade production which 
dates back to around 500 ka have been recognized in Kenya in the Kapturin formation (Johnson 
& McBrearty 2010) and in South Africa in the site of Kathu-Pan (Wilkins & Chazan 2012).  
After these ephemeral traces, we have to wait at least 200.000 years before the reappearance of 
blade production that this time emerge in the Near East under the form of the so-called Amudian 
industries dating back to MIS 9 and MIS 8 (Mercier & Valladas 2003; Barkai et al. 2005).  
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In Africa, it reappears in the south, in the Howiesons Poort complex just after 70,000 years BP 
(Soriano et al. 2007).  Blade production continue to be present in the Near East also in the final 
part of the Middle Pleistocene (MIS 7 and 6) covering a larger area and with different industries 
known by various names: the Hummalian (Le Tensorer 2005; Richter et al. 2011), Pre-
Aurignacian (Bordes 1977), Hayonim (Meignen 2011), and Djruchula-Koudaro industries 




Figure 1 – Location of blades production during the Middle Pleistocene.  
 
 
The third and last area of insurgence is northern Europe, where blade production has been found 
in several sites dating back to the end of MIS 8 and MIS 7 (e.g. Révillion 1995; Koehler et al. 
2014); (Fig. 2). 
In these sites, distinct reductions strategies are used to produce blades that in general we can 
divide in two mains group. The first group is based on a volumetric exploitation such as those 
of Saint-Valéry-sur-Somme (Heinzelin & Haesaerts 1983), Bapaume-les Osiers (Koehler 2008) 
and Therdonne (Locht et al. 2010) in France, Rissori (Adam 1991; Adam & Tuffreau 1973) in 
Belgium. The second group, less frequent, follows a surface exploitation or more specifically a 
Levallois concept, as noted at the site of Biache-Saint-Vaast in northern France (Böeda 1988). 
In Europe, just one isolated case of blade production comes out from this chronological time 
span, which is the site Cave dall’Olio, located in the Italian peninsula and dating back to MIS 
9 (Fontana et al. 2009; Fontana et al. 2013). 
During the glacial pick of the MIS 6 there is lack of the archaeological evidence in the European 
northern plain (Fig 2). Just one site namely Cotte Saint Brelade in the island of Jersey “Great 
Britain” have yielded a lithic assemblage showing a production of elongated pieces made out 
by a volumetric system (Soriano 2002). 
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Figure 2 – Blade production during the MIS 8 to 6 in Europe. 
 
 
New clear evidences of blade production come back to be present in the MIS 5 and this time 
with a more widespread including the central south of France and few site in eastern Europe 
(Fig 3). 
During MIS 5 blade production continue to be abundant in northern Europe as exemplified by 
the sites of Riencourt lès-Bapaume (Ameloot-Van der Hejden 1993; Goval & Hérisson 2006), 
Saint-Germain-des-Vaux (Cliquet 1992; Révillion & Cliquet 1994), Seclin (Révillion & 
Tuffreau 1994), Bettencourt-Saint-Ouen (Loch 2002), Blangy-Tronville (Depaepe et al. 1999), 
and Rocourt (Otte 1994a). 
Other areas in this period are touched by blades. In Germany blade production have been 
recognized in the site of Tönchesberg (Conard 1990) and Wallertheim (Conard & Adler 1997). 
In central and southern France in the sites of Angé (Locht et al. 2008), Vinneuf (Gouédo 1994), 
Baume Flandin (Moncel 2005; Moncel et al. 2008) Cantalouette 4 (Blaser et al. 2012) and 
Baume Bonne (Gaignepain and Gaillard 2005; Hong 1993). 
Evidences of blade production during the MIS 5 are also been highlighted in eastern Europe 
such as in in the sites of Proniatin and Yezupil where blades are produced by a Levallois 
reduction strategies (Chabai et al 2006).  Blades never played a dominant role in the European 
Middle Paleolithic but co-existed with various other reduction strategies (e.g. Levallois, 
Discoid) as well as with a number of shaping systems such as those noted at the sites of 
Bapaume-les Osiers (Koehler 2008) and Vinneuf (Gouédo 1994) in France.  
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Figure 3 – Blade production during the MIS 5 in Europe. 
 
 
The third and last phase of Middle Paleolithic blade production dates back to the MIS 4 and the 
beginning of the MIS 3. In this period blades reach the maximum expansion occupying areas 
not previously touched by this phenomenon (Fig 4).  
This expansion recordered by many sites spread in the eastern European continent until the 
Crimean Peninsula such as in the site of Kabazi II and Karabi Tamchin and further at east in 
the Donbass-Asov region such in the site of of Kurdiumovka, Zvanovka (Chabai et al. Ed. 2006).  
A second geographical spread follow the axis north-south penetrating all throughout the Italian 
peninsula such as in the sites of Fumane in Veneto region (Peresani 2012), Grotta Reali in 
Molise (Arzarello et al. 2004; Peretto 2012) and Grotta del Cavallo in the Apulia region 
(Carmignani 2010). 
On the bases of the current state of the knowledge this spread seems not to involve others areas 
such as the Iberian Peninsula, Greece and the Anatolian region. 
During the MIS 4-3 a more ephemeral but noteworthy phenomenon which is the production of 
bladelets partially overlap this blade expansion (Fig 4).   Bladelets production has been noted 
at the sites of El Castillo and Cueva Morin in northern Spain (Maíllo Fernández 2001; Maíllo-
Fernández et al. 2004), at Champ Grand (Slimak & Lucas 2005) and Combe Grenal in France 
(Faivre 2012), Fumane (Peresani et al. 2013) and Grotta del Cavallo in Italy (Carmignani 2010) 
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Figure 4 – Blade and bladelets production during the MIS 4-3 in Europe. 
 
 
The Middle Paleolithic blade phenomenon does not fully fit in a univocal model. The three 
events of insurgence described above are discontinues in time and space and are composed by 
a multifaceted pattern of different blade reduction strategies. 
On the basis of the current state of scientific knowledge, it is possible to draw a general scenario 
that shows how the first phase of blade production during the MIS 7 is circumscribed in northern 
Europe while during the second and third phase (MIS 5 to 3) the blade spreads in the central 
and south of France and later on in the whole European continent leaving however untouched 
some regions (Fig 4).    
In this paper, we present the results of technological analysis of reduction strategies on the 
entire sequence of Bau de l’Aubesier located in the region of Vaucluse (South-eastern France). 
Bau the l’Aubesier is a key site because it is a long archaeological sequence covering a span 
time of 100 ka from the end of MIS 7 to the MIS 5 containing an uninterrupted presence of 
blade reduction systems. 
Through a detailed analysis of the lithic assemblages and more specifically of the blade 
production, we will address the following questions:  
 
1) The laminar phenomenon in Europe spans more than 200,000 years of technological 
evolution. Nevertheless, blades do not appear at the same time in all the regions. If northern 
Europe show its presence at least since the MIS 7 is just during the MIS 5 that blades are 
confirmed in southern Europe and specifically in southern France. Are these two events part of 
a single macro-phenomenon or do they rise from different techno-cultural identities with 
independent origins? 
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2) Bau de l’Aubesier dates back from the end of MIS 7 to the MIS 5 and shows a continuous 
presence of blades reduction strategies. Can we trace an internal evolution of the blade 
production during this time span? 
 
3) Evidences of Middle Paleolithic bladelets production have been recognized until now during 
the MIS 4 and the beginning of MIS 3 in different parts of Europe.The unexpected evidence of 
bladelets reduction strategies recognized at Bau de l’Aubesier and positioned at the end of MIS 





Bau de l’Aubesier is a large rock shelter located in the gorge de la Nesque, Vaucluse 
(Southeastern France). The site, known since the beginning of the 20th century (Moulin 1903, 
1904), has been extensively excavated starting the 1987 by an international team led by Sergey 
Lebel, then of the University of Quebec, Montreal, Canada (Lebel 2000 a, b). 
The site contains a long sedimentation approximately 13 m deep and covering a time range 
from 100 Ka (thousands of years ago) to more than 200 ka approximately (Fig 5).  
The excavation was conducted on three distinct but contiguous areas named Moulin Trench, 
Lower Slope and Trench L (Fig 5). Moulin Trench area is 3 m2 while the Lower Slope and the 
Trench L cover a larger area respectively of 63 and 50 m2. 
The entire sequence is composed by 14 archaeological levels which were divided during the 
excavation into several sub layers corresponding to a slight difference in sedimentation. 
Several radiometric dates and faunal analysis positioning the sequence from the end of the MIS 
7 to the MIS 5 (Blackwell et al., 2001; Lebel et al., 2001; Fernandez, 2006) (Fig. 5).  
Just one discordance between the faunal and radiometric is present for the layer H.  
The TL ages for layer H yielded a minimum age of 169 ± 17 ka and a maximum age of 191 ± 
15 ka positioning the layer H to the OIS 6 to 7a (Lebel et al. 2001) while based on the faunal 
data, Fernandez (2006) positioned the layer H to the MIS 5e. 
The excavation season conducted from 1987 to 2000 produced a large amount of lithic and 
faunal assemblages with a different concentration trough the sequence (Fig 5).  
The lithic items that concerned this study are composed by 115413 pieces including flakes, 
cores, pebbles and debris. The main concentration of pieces is in the level IV and H. Levels C, 
D, E, G, F which correspond to the smaller excavated area have yielded few pieces mainly 
composed by undetermined fragments (Table 1 and Table A Supplementary File).  
The entire assemblage is in flint and is collected within 15 km of the site (Wilson, 2007a, b, c; 
109 Wilson, 2011; 110 e 111 Browne and Wilson, 2011, 2013; 112 Wilson and Browne, 2014).  
In all levels, a considerable proportion of the lithic assemblage has been deeply patinated. 
Deeply patined pieces and pieces with disorganized scars were classified as undetermined 
flakes.  
Along the entire sequence small debris (<20mm) are in general abundant and attest to an intense 
flaking activity in situ. This is particularly evident in the level IV in which the 74.7% of 
assemblages is composed by undetermined fragment <20mm. Undetermined flakes are also a 
significant part of the collection with a major concentration in the levels 3 and 2 (Table 1). 
Determined removals ratio, excluding the few pieces found in the Moulin Trench, range from 
3.7 % of the assemblages in level K to 24.9 in the level 5.  Cores are present in all levels ranging 
from 0.5 % of the assemblages in the level IV to 2.6 % in the level 5.  
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Figure 5 – Bau de l’Aubesier stratigraphy and chronology (after Wilson and Brown 2016 modified) 
 
 
     Table 1 -  Overall composition of the lithic assemblages 
Chronology	 MIS	7b	-	7a	 MIS	7a-6	
Levels	(Lower	slope)	
K	 J	 I	 H	
n	 %	 n	 %	 n	 %	 n	 %	
Undetermined	fragment<20	 953	 57,9	 834	 46,7	 1742	 49,6	 7606	 52,5	
Undetermined	fragment>20	 137	 8,3	 275	 15,4	 227	 6,5	 1595	 11	
Undetermined	pieces<20	 222	 13,5	 122	 6,8	 267	 7,6	 1151	 7,9	
Undetermined	pieces>20	 65	 3,9	 70	 3,9	 157	 4,5	 1164	 8	
Complete	flakes/blades	 191	 11,6	 306	 17,1	 825	 23,5	 2066	 14,3	
Fragmented	flakes/blades	 61	 3,7	 141	 7,9	 246	 7	 669	 4,6	
Cores	(Entire	and	fragmented)	 17	 1	 39	 2,2	 50	 1,4	 244	 1,7	
Total	 1646	 100	 1787	 100,0	 3514	 100	 14495	 100	
 
Chronology	 MIS	6	 ?	
Levels	(Moulin	Trench)	 G	 F	 E	 D	 C	
n	 %	 n	 %	 n	 %	 n	 %	 n	 %	
Undetermined	fragment<20	 8	 21,6	 16	 45,7	 49	 34,5	 46	 60,5	 131	 50,6	
Undetermined	fragment>20	 3	 8,1	 3	 8,6	 11	 7,7	 5	 6,6	 34	 13,1	
Undetermined	pieces<20	 6	 16,2	 4	 11,4	 14	 9,9	 11	 14,5	 12	 4,6	
Undetermined	pieces>20	 3	 8,1	 2	 5,7	 8	 5,6	 5	 6,6	 26	 10	
Complete	flakes/blades	 11	 29,7	 7	 20	 38	 26,8	 9	 11,8	 37	 14,3	
Fragmented	flakes/blades	 4	 10,8	 2	 5,7	 18	 12,7	 -	 0	 11	 4,2	
Cores	(Entire	and	fragmented)	 2	 5,4	 1	 2,9	 4	 2,8	 -	 0	 8	 3,1	
Total	 37	 100	 35	 100	 142	 100	 76	 100	 259	 100	
 
Chronology	 MIS	6	 MIS	5d	 ?	
Levels	(Trench	L)	 5	 4	 3	 2	 1	
n	 %	 n	 %	 n	 %	 n	 %	 n	 %	
Undetermined	fragment<20	 256	 32,2	 63963	 74,7	 1188	 63,6	 2856	 55,5	 2	 22,2	
Undetermined	fragment>20	 86	 10,8	 5945	 6,9	 110	 5,9	 440	 8,6	 -	 0	
Undetermined	pieces<20	 84	 10,6	 4958	 5,8	 309	 16,5	 726	 14,1	 -	 0	
Undetermined	pieces>20	 52	 6,5	 3303	 3,9	 101	 5,4	 271	 5,3	 1	 11,1	
Complete	flakes/blades	 198	 24,9	 4996	 5,8	 108	 5,8	 475	 9,2	 3	 33,3	
Fragmented	flakes/blades	 97	 12,2	 2014	 2,4	 42	 2,2	 336	 6,5	 3	 33,3	
Cores	(Complete	and	fragmented)	 21	 2,6	 427	 0,5	 11	 0,6	 40	 0,8	 -	 0	
Total	 794	 100	 85606	 100,0	 1869	 100	 5144	 100	 9	 100	
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All cores, core fragments, tools, tool fragments and all blades and blade fragments are selected 
regardless of their size. The technological analysis follows the chaîne opératoire approach based 
on the identification of the distinct phases of the process (Cresswell 1983, Pelegrin et al. 1988, 
Perlès 1991, Geneste 1991a, b). Percussion technique, methods and concepts that underlie the 
reduction strategies has been analysed (Pelegrin 1991, 2000, 2005; Boeda et al 1990).  
The identification of the Levallois concept follows the guidelines set out by Boëda (1994). In 
terms of the Discoid production, we used the definition by Boëda (1993, 1991) taking also into 
account broader criteria (Peresani 1998, Slimak 2003).  
Diacritical analysis was applied to cores and blanks in order to identify the chronological order 
of the scars distinguishing the preparation phases to the main production phases (Dauvois 1973, 
Inizan et al. 1995). 
The definition and the characterization of the blade production have been predated by a personal 
analytical approach that takes into account four technical parameters: the volumetric concept, 
the type of core configuration and the direction and organization of the removals. The 
combination of these parameters allows us to preliminary describe and identify the specificities 
of the blades technological systems (Fig. 6).  
The parameters taken into consideration when defining blades and bladelets categories were: 
types of platform, knapping surface angles, cutting edge angles, transversal cross-section, 
longitudinal profile, length-width ratio and width-thickness ratio. 
The maximum dimensions of each complete blades and bladelets were recorded using digital 
calipers. A supplementary classification has been used to define the elongation class of products 
(Fig 7).  
 
 
Figure 6 – Blade reduction strategies varibility and terminologies uses in this paper.  
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3 - Results 
 
3.1 Overall lithic assemblage composition  
The whole sequence is dominated by cores aimed to produce flakes beside a minor presence of 
blade reduction strategies. The blade cores ratios range from 28.2% in level J to 3.3% for level 
IV (Table 2). The same tendency is recognizable also observing the end-products in which 
blades ratios range from 15.9% in level K to 3.3 % in level H (Table 2). 
Bladelets cores are also present and are concentrated in level IV with 7.7% of the entire cores 
for this level. One bladelet core has been found in level 5 and two in the level 2. 
Bladelets reduction strategies in level IV are also confirmed by the presence of 62 entire 
bladelets and 132 fragmented bladelets (Table A in Supplementary File). Bladelets are also 
present in level H and 2 with in a minor percentage (Table 3).  
 
Table 2 -  Cores and fragmented cores  
Levels	
MIS	7b	-	7a	 MIS	7a-6	 MIS	6	 ?	 MIS	6	 MIS	5d	 ?	
K	 J	 I	 H	 G	 F	 E	 D	 C	 5	 IV	 3	 2	
N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Flakes	cores	 12	 70,6	 28	 71,8	 30	 60	 176	 72,1	 1	 50	 1	 100	 3	 75	 -	 0	 6	 75	 13	 61,9	 296	 69,3	 8	 72,7	 28	 70	
Blade	cores	 3	 17,6	 11	 28,2	 4	 8	 11	 4,5	 -	 0	 -	 -	 -	 0	 -	 0	 2	 25	 2	 9,5	 14	 3,3	 -	 0	 -	 0	
Bladelets	cores	 -	 0	 -	 0	 -	 0	 0	 0,0	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 1	 4,8	 33	 7,7	 -	 0	 2	 5	
Tested	block	 -	 0	 -	 0	 -	 0	 6	 2,5	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 2	 0,5	 1	 9,1	 1	 2,5	
Undetermined	cores	 -	 0	 -	 0	 4	 8	 11	 4,5	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 16	 3,7	 -	 0	 -	 0	
Core's	fragments	 2	 11,8	 0	 0	 12	 24	 40	 16,4	 1	 50	 0	 0	 1	 25	 -	 0	 -	 0	 5	 23,8	 66	 15,5	 2	 18,2	 9	 22,5	
Total	 17	 100	 39	 100	 50	 100	 244	 100,0	 2	 100	 1	 100	 4	 100	 0	 0	 8	 100	 21	 100	 427	 100,0	 11	 100	 40	 100	
 
 
Table 3 -  Blades and flakes products 
Levels	
MIS	7b	-	7a	 MIS	7a-6	 MIS	6	 ?	 MIS	6	 MIS	5d	 ?	
K	 J	 I	 H	 G	 F	 E	 D	 C	 5	 IV	 3	 2	 1	
N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Entire	flakes	 150	 59,5	 273	 61,1	 786	 73,4	 1960	 71,7	 10	 66,7	 7	 77,8	 35	 62,5	 -	 0	 33	 68,8	 190	 64,8	 4535	 64,7	 100	 66,7	 430	 53	 3	 50	
Fragm.	flakes	 55	 21,8	 120	 26,8	 198	 18,5	 633	 23,1	 3	 20	 2	 22,2	 11	 19,6	 -	 0	 10	 20,8	 86	 29,4	 1582	 22,6	 31	 20,7	 271	 33,4	 3	 50	
Entire	blades	 40	 15,9	 33	 7,4	 39	 3,6	 90	 3,3	 1	 6,7	 -	 0	 2	 3,6	 1	 100	 4	 8,3	 6	 2	 399	 5,7	 3	 2	 32	 3,9	 -	 0	
Fragm.	blades	 6	 2,4	 21	 4,7	 48	 4,5	 27	 1	 1	 6,7	 -	 0	 6	 10,7	 -	 0	 1	 2,1	 10	 3,4	 300	 4,3	 5	 3,3	 38	 4,7	 -	 0	
Bladelets	 1	 0,4	 -	 0	 -	 0	 16	 0,6	 -	 0	 -	 0	 1	 1,8	 -	 0	 -	 0	 -	 0	 62	 0,9	 5	 3,3	 13	 1,6	 -	 0	
Fragm.bladelet	 -	 0	 -	 0	 -	 0	 9	 0,3	 -	 0	 -	 0	 1	 1,8	 -	 0	 -	 0	 1	 0,3	 132	 1,9	 6	 4	 27	 3,3	 	 0	
Total	 252	 100	 447	 100	 1071	 100	 2735	 100	 15	 100	 9	 100	 56	 100	 1	 100	 48	 100	 293	 100	 7010	 100	 150	 100	 811	 100	 6	 100	
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3.2 Technological analysis  
 
3.2.1 Core reduction strategies 
The study of the cores shows a wide variability in the reduction systems aimed to produce both 
flakes and blades. Inside this variability, three major changes, corresponding to three 
macrophases have been highlighted along the sequence that are the lower levels (K, J and I), 
the intermediate level H, and the upper level (IV to 2). 
Levels G, F, E, D, C related to the Moulin Trench excavation area contain few cores that don’t 
allow a precise characterization of the reduction strategies (Table C in Supplementary File).  
Lower level (K, J, I): The lower levels show similar macroscopic technological features that 
are constitute by a combination of flakes and blades reduction strategies. Flakes reduction 
strategies are dominated by non-Levallois processes that are represented by cores with no or 
minimal preparation of the flaking surface. These cores follow a parallel plans exploitation 
through differents methods: centripetal, orthogonal, unidirectional, bidirectional and 
convergent (e.g. Fig. 8 n. 2 and 4). The bidirectional method is the most used in level K with a 
cores percentage of 17.6 % while the centripetal method is the most employed in the levels J 
ranging from 17.9 % in the level J to 18 % in the level I. The unidirectional method is absent 
in level K and is present with one core in the level I and four cores in level J. Convergent and 
orthogonal methods are as well present with minor percentages (Table 4). 
 
 
Table 4 -  Cores tecno-type 
	
Levels	
MIS	7b	-	7a	 MIS	7a-6	 MIS	6	 MIS	5d	 ?	
	 K	 J	 I	 H	 5	 IV	 3	 2	








Levallois	centripetal	 -	 0	 3	 7,7	 3	 6	 78	 32	 5	 23,8	 51	 11,9	 1	 9,1	 4	 10	
Levallois	unidirectional	 -	 0	 -	 0	 -	 0	 5	 2	 -	 0	 8	 1,9	 -	 0	 2	 5	
Levallois	bidirectional	 -	 0	 -	 0	 -	 0	 2	 0,8	 -	 0	 1	 0,2	 -	 0	 1	 2,5	
Levallois	convergent	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 7	 1,6	 -	 0	 -	 0	
Levallois	lineal	 -	 0	 -	 0	 1	 2	 2	 0,8	 -	 0	 3	 0,7	 -	 0	 -	 0	
Levallois	cores	fragmented	 -	 0	 -	 0	 -	 0	 13	 5,3	 1	 4,8	 5	 1,2	 -	 0	 -	 0	
Centripetal	 1	 5,9	 7	 17,9	 9	 18	 1	 0,4	 1	 4,8	 20	 4,7	 1	 9,1	 3	 7,5	
Unidirectional	 -	 0	 4	 10,3	 1	 2	 7	 2,9	 2	 9,5	 21	 4,9	 2	 18,2	 1	 2,5	
Bidirectional	 3	 17,6	 1	 2,6	 1	 2	 2	 0,8	 -	 0	 9	 2,1	 -	 0	 -	 0	
Orthogonal	 1	 5,9	 1	 2,6	 -	 0	 2	 0,8	 -	 0	 -	 0	 -	 0	 -	 0	
Convergent	 1	 5,9	 2	 5,1	 1	 2	 1	 0,4	 -	 0	 24	 5,6	 -	 0	 1	 2,5	
Multidirectional	 -	 0	 6	 15,4	 4	 8	 17	 7	 -	 0	 31	 7,3	 -	 0	 -	 0	
Linear	/	Non	Levallois	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 10	 2,3	 -	 0	 -	 0	
Kombewa	 -	 0	 -	 0	 3	 6	 16	 6,6	 3	 14,3	 51	 11,9	 -	 0	 5	 12,5	
Kostienky	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 9	 22,5	
Discoid	bifacial	 3	 17,6	 -	 0	 5	 10	 9	 3,7	 1	 4,8	 23	 5,4	 -	 0	 2	 5	
Discoid	unifacial	 -	 0	 -	 0	 -	 0	 15	 6,1	 -	 0	 23	 5,4	 1	 9,1	 -	 0	
Secant	partial	exploitation	 3	 17,6	 4	 10,3	 2	 4	 1	 0,4	 -	 0	 9	 2,1	 3	 27,3	 -	 0	







	 Convergent	on	surface	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 4	 0,9	 -	 0	 -	 0	
Unidirectional	semi-rotating	 1	 5,9	 5	 12,8	 3	 6	 8	 3,3	 2	 9,5	 7	 1,6	 -	 0	 -	 0	
Unidirectional	rotating	 -	 0	 -	 0	 -	 0	 2	 0,8	 -	 0	 -	 0	 -	 0	 -	 0	
Sub	convergent	semi-rotating	 -	 0	 6	 15,4	 1	 2	 1	 0,4	 -	 0	 3	 0,7	 -	 0	 -	 0	





Bladelets	cores	 -	 0	 -	 0	 -	 0	 -	 0	 1	 4,8	 33	 7,7	 -	 0	 2	 5	
Tested	block	 -	 0	 -	 0	 -	 0	 6	 2,5	 -	 0	 2	 0,5	 1	 9,1	 1	 2,5	
Undetermined	cores	 -	 0	 -	 0	 4	 8	 11	 4,5	 -	 0	 16	 3,7	 -	 0	 -	 0	
Core's	fragments	 2	 11,8	 -	 0	 12	 24	 40	 16,4	 5	 23,8	 66	 15,5	 2	 18,2	 9	 22,5	
	 Total	 17	 100	 39	 100	 50	 100	 244	 100	 21	 100	 427	 100,0	 11	 100	 40	 100	
 
Levallois cores are absent in level K while they are present in Level J (3 cores) and in the level 
I (4 cores).  Except just one preferential levallois core found in level I the remains Levallois 
cores are made out of the centripetal recurrent method (Fig. 8 n. 1). Beside the Levallois and 
Non Levallois parallel plans exploitation a different group of cores are characterized by an 
exploitation by secant plans (Fig. 8 n. 3). This group includes cores in which the removals are 
strucked around the core’s entire periphery “Discoid cores” and cores with a partial exploitation 
in which the removals are limited to one side of the core periphery, leaving the other part of the 
volume unexploited.  
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Cores with this secant partial exploitation are present in levels K J and I with a progressive 
decreasing from the level K (17.6%) to the level I (4%). Discoid cores are found just in level K 
with 3 cores (17.6%) and in level I with 5 cores (10%)  Level J and I also show a multipolar 
exploitation which are the results of a repeated unipolar series applied on different sides of the 
core (Table 4).  Three Kombewa cores found in the levels I complete the technological 




Figure 8 – Levallois centripetal core from level J (n.1); Discoid core from level K (n.3); Convergent and 
centripetal parallel plans exploitation from level J (n. 2 and 3).  
 
 
Blade reduction strategies in the lower levels (K, J and I) are present with two main distinct 
modalities. The first modality is a half-pyramidal exploitation which is only present in the level 
K with two cores (Fig 9 n. 1). Exploitation in these cores was carried out by convergent 
intersected removals. The second modality is a semi-rotating exploitation system on prismatic 
cores following unidirectional and sub-convergent methods (Fig 9 n. 2). The removals on the 
semi-rotating cores are strucked laterally and on the center of the cores volume by the means 
of intersected sequences.  The management of lateral convexities is performed by debordant 
blades. A second opposite striking platform is used in order to manage the distal convexity (Fig. 
9 n. 2). Just one semi-rotating cores come from the level K.  Sub-convergent cores are 
concentrated in level in level J and unidirectional exploitation is predominant in level I  (Table 
4).     
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Figure 9 – Half pyramidal core from level K (n.1); Unidirectional semi-rotating core 
from level J (n.2). 
 
Intermediate level (H and 5): Cores in the level H are abundant and are composed by 11 blades 
cores and 182 flakes cores.  The Levallois concept, that is sporadically present in the lower 
levels, becomes dominant in level H with a percentage of 40,9% of the cores of this level.  The 
recurrent centripetal method is the most employed method with a 32 % of the entire cores (Table 
4). Despite the over representation of the centripetal method the Levallois cores show a larger 
variability including the bidirectional and unidirectional methods (Fig 10 n. 1, 3, 4, 5).  Non 
levallois exploitation by parallel plans continue to be present but in smaller percentages 
compared to the lower levels.  The Discoid system constitutes another element of continuity 
with the lower level (Figure 10 n. 2). 
 
 
Figure 10 – Cores from level H: Unidirectional levallois core (n.1); Discoid core (n.2); Centripetal 
Levallois cores (n. 3 to 5). 
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The Kombewa core, already present in the level I, takes in this level more relevance with a 
percentage of 6.6% of the entire cores (Fig 11).  Five cores that show a Trifacial exploitation, 
not recognized in the lower levels, are here present.  
The eleven blade cores found in level H confirm a certain continuity in the blades reduction 
strategies with the levels J and I.  The semirotating reduction strategies are mainly based on the 
unidirectional methods (8 cores) while the sub convergent methods count just one core. An 
element of divergence is represented by two rotating unidirectional cores which have not been 
recognized in the lower level (Fig. 12). The configurations of these cores are minimal and they 
are based on the exploitation of the natural convexity of a volume.   
Level 5 contains 16 determined cores and 5 core’s fragment (Table 4) . Despite the lower 
number of cores compared to the level H, similar technological features are highlighted. The 
Levallois cores continues to be prevalent and it is exclusively made out of the recurrent 
centripetal method. Presence of Kombewa cores constitute a second element of continuity with 









Figure 12 – Blades cores from level H: Semi-rotating core (n.1); Rotating 
core (n.2). 
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The upper Levels (IV, 3 and 2): The Upper levels of Bau de l’Aubesier contain a large amount 
of lithic industries mostly concentrated in the level IV in which there are 360 determined cores 
and 60 core’s fragments (Table 4). Nine determined core are found in level 3 and 31 in level 2. 
Cores analysis of level IV confirm a consolidated presence of the Levallois concept with the 
predominance of the recurrent centripetal methods (Fig 13 n. 2 and 4). The presence of 
unidirectional and bidirectional methods continue to be present with similar percentage 
repeating the same trend highlighted in the level H. (Fig. 13 n. 1).  This similarity in the 
Levallois variability is interrupted by the presence in the Level IV of a Levallois convergent 




Figure 13 – Levallois cores from level IV: Bidirectional (n.1); Convergent (n.3); Centripetal (n.2 and 3). 
 
 
Kombewa cores in the levels IV take a noteworthy role with a percentage of the 11.9 % of the 
core for this level. The major flexibility in methods recognized in the Levallois concept 
compared to level H seem to be repeated on the variability in methods for the Kombewa cores 
(Fig. 14). As observed for the Levallois cores, in fact, also in the Kombewa cores a divergence 
in methods between the level H and IV is recognizable by the lack of the convergent methods 
in the level H while in the level IV is well represented (Table 5). Unifacial and bifacial discoid 
cores are present with similar percentage (Table 4) 
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      Table 5 -  Kombewa cores variability 
Levels H IV N % N % 
Kombewa centripetal 1 6,3 13 25,5 
Kombewa unidirectional 5 31,3 17 33,3 
Kombewa bidirectional 1 6,3 5 9,8 
Kombewa orthogonal 2 12,5 1 2,0 
Kombewa convergent 0 0,0 6 11,8 
Kombewa with a single scar 7 43,8 9 17,6 
Total 16 100 51 100 
Figure 14 – Kombewa cores from level IV: Convergent (n.1); Centripetal (n.2); 
Unidirectioanl (n. 3). 
Blade cores strategies in level IV are constituted by both elements of continuity and 
discontinuity compared to the level H and 5.  
Semi-rotating reduction strategies are present with 6 unidirectional cores and 3 sub-convergent 
cores reflecting a similar variability observed in level H (Fig 15 n.1) 
By contrast four core show a different exploitation based on a parallel plan exploitation of the 
flaking surface. These cores, that can be ascribed to the Levallois concept, are exploited by 
convergent removals from a single striking platform finely prepared.  (Fig 15 n. 2).  
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 Figure 15 – Blades cores from level IV: Volumetric unidirectional blade core 
(n.1); Convergent on surface exploitation blade core (n. 2). 
Beside the blade production an independent bladelets reduction strategy has been recognized 
on 33 cores (Table 4). Small blanks were selected in order to extract short series of bladelets. 
The initial stage of bladelet production usually entails a first removal that exploits one of the 
edges of the flake (Fig 16). However, preparation of two sided-crested bladelets prepared on 
the narrow surfaces is also attested by the presence of six crested bladelets (Fig 17 n. 4 to 6). 
Configuration of cores is also made out by the preparation of the distal convexity by short 
removals that strucked on the opposite direction of the main exploitation (Fig 16 n .3).  The 
centring of the surface by lateral removals is also attested (Fig. 16 n. 1 and 2). Hinged fractures 
are solved through the extraction of a rejuvenation bladelet with the aim of reinitializing the 
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 Figure 16 – Bladelet cores from level IV. 
 
 
Figure 17 – Bladelets from level IV: Rejouvenation bladelets (n. 1 to 3). Crested bladelets (n. 4 to 6) 
 
In level 3 just eight cores have been found that show a mixture of centripetal Levallois cores 
and Discoid (Table 4). 
In Level 2 there are 31 determined cores that repeat the similar variability observed in the level 
IV which is the combination of a Levallois strategies and bladelets production (Fig. 18). Two 
bladelets cores with similar features are found in level 2 while blade cores are absent in this 
level. Core on flakes are represented by 5 Kombewa cores and 9 Kostienky type core 




Figure 18 – Cores from level 2: Levallois centripetal core (n.1); Bladelets core (n. 2). 
 
 
3.2.2 Flakes end-product 
 
The high amount of small debris <20mm presents at Bau the l’Aubesier, that suggest an intense 
flaking activity made on the site, is confirmed by the presence of numerous cortical flakes 
present in the whole sequences (Table 6).  
End-products are coherent as observed for the core reduction strategies. Level K, J, I show a 
large variability of end-products. (Fig. 19 and 20). The unidirectional method is the most 
present and is aimed to produce both flakes and blades. Unidirectional flakes ratios range from 
16.7% in level J to 21.8 % in level I (Table 6). 
Despite the reduce number of Levallois cores the removals close to the typical Levallois flakes 
are presents (Table 6). Nevertheless, the correlation of Levallois type flakes to a true Levallois 
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reduction systems is not systematically possible. Other systems can in fact produce flakes with 
similar features to the levallois flakes. In the lower levels that is the case of the parallel plan 
exploitation cores (Fig. 8 n. 2 and 4).  
The large variability of end-product observed in the level K, J and I is reduced in level H where 
the centripetal methods become dominant. The centripetal levallois flakes are present with a 
percentage of 13.1% and the non levallois centripetal flakes with 17.5 %. 
 
      Table 6 -  Removals techno types  
Levels	
MIS	7b	-	7a	 MIS	7a-6	 MIS	6	 MIS	5d	 ?	
K	 J	 I	 H	 5	 4	 3	 2	 1	
n	 %	 n	 %	 n	 %	 n	 %	 n	 %	 n	 %	 n	 %	 n	 %	 n	 %	
Flakes (Cortex >50%) 6	 3,1	 27	 8,8	 77	 9,3	 264	 12,8	 13	 6,6	 429	 8,6	 10	 9,3	 25	 5,3	 1	 33,3	
Flakes (Cortex<50%) 15	 7,9	 51	 16,7	 127	 15,4	 389	 18,8	 32	 16,2	 771	 15,4	 14	 13	 83	 17,5	 	-	 0	
Levallois type centripetal 10	 5,2	 27	 8,8	 95	 11,5	 270	 13,1	 30	 15,2	 389	 7,8	 6	 5,6	 17	 3,6	 	-	 	0	
Levallois type unidirectional 3	 1,6	 15	 4,9	 28	 3,4	 34	 1,6	 8	 4	 232	 4,6	 1	 0,9	 11	 2,3	 	-	 	0	
Levallois type bidirectional 	-	 0	 -	 0	 7	 0,8	 7	 0,3	 4	 2	 8	 0,2	 0	 0	 1	 0,2	 	-	 	0	
Levallois type othogonal 1	 0,5	 4	 1,3	 1	 0,1	 2	 0,1	 0	 0	 1	 0	 0	 0	 1	 0,2	 	-	 	0	
Levallois type convergent 2	 1	 5	 1,6	 7	 0,8	 13	 0,6	 10	 5,1	 54	 1,1	 0	 0	 1	 0,2	 	-	 	0	
Debordant Levallois type flakes 6	 3,1	 8	 2,6	 24	 2,9	 42	 2	 7	 3,5	 58	 1,2	 1	 0,9	 3	 0,6	 	-	 0	
Blades 40	 20,9	 33	 10,8	 40	 4,8	 90	 4,4	 6	 3	 399	 8	 3	 2,8	 32	 6,7	 	-	 0	
Bladelets 1	 0,5	 -	 0	 0	 0	 16	 0,8	 0	 0	 62	 1,2	 5	 4,6	 13	 2,7	 	-	 0	
Pseudolevallois -	 0	 -	 0	 6	 0,7	 21	 1	 0	 0	 29	 0,6	 0	 0	 5	 1,1	 	-	 0	
Centripetal flakes 13	 6,8	 9	 2,9	 88	 10,7	 362	 17,5	 26	 13,1	 733	 14,7	 22	 20,4	 58	 12,2	 1	 33,3	
Kombewa 3	 1,6	 1	 0,3	 9	 1,1	 22	 1,1	 7	 3,5	 101	 2	 5	 4,6	 10	 2,1	 	-	 0	
Unidirectional flakes 32	 16,8	 51	 16,7	 180	 21,8	 196	 9,5	 16	 8,1	 553	 11,1	 10	 9,3	 72	 15,2	 1	 33,3	
Bidirectional flakes 10	 5,2	 2	 0,7	 4	 0,5	 22	 1,1	 2	 1	 38	 0,8	 1	 0,9	 3	 0,6	 	-	 0	
Orthogonal flakes -	 0	 1	 0,3	 7	 0,8	 3	 0,1	 2	 1	 48	 1	 2	 1,9	 20	 4,2	 -	 0	
Convergent flakes 9	 4,7	 31	 10,1	 33	 4	 83	 4	 11	 5,6	 484	 9,7	 7	 6,5	 37	 7,8	 -	 0	
Debordant flakes 13	 6,8	 17	 5,6	 45	 5,5	 116	 5,6	 9	 4,5	 241	 4,8	 11	 10,2	 32	 6,7	 -	 0	
Macro-tools 12	 6,3	 3	 1	 -	 0	 -	 0	 -	 0 - 0 - 0 - 0 - 0 
Striking platform flakes 8	 4,2	 7	 2,3	 8	 1	 16	 0,8	 5	 2,5	 163	 3,3	 3	 2,8	 21	 4,4	 -	 0	
Shaping/retouching flakes 1	 0,5	 3	 1	 17	 2,1	 39	 1,9	 5	 2,5	 99	 2	 2	 1,9	 14	 2,9	 -	 0	
Rejuvenation flakes 2	 1	 2	 0,7	 10	 1,2	 18	 0,9	 2	 1	 44	 0,9	 2	 1,9	 5	 1,1	 -	 0	
Crested flakes -	 0	 -	 0	 3	 0,4	 14	 0,7	 2	 1	 21	 0,4	 3	 2,8	 5	 1,1	 	-	 0	
Siret accident 4	 2,1	 9	 2,9	 9	 1,1	 27	 1,3	 1	 0,5	 39	 0,8	 -	 0	 6	 1,3	 	-	 0	




Figure 19 – Flakes end products from level K and J: Centripetal 
levallois types flakes (n.1 to 3); Sub convergent levallois type flakes (n.1 
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to 6); Unidirectional and bidirectional levallois type flakes (n.7 to 9). 
The Levallois products in level H despite the predominance of the centripetal levallois flakes 
show a larger variability compared to the lower level that include the unidirectional, 
bidirectional, orthogonal and convergent Levallois flakes (Table 6) (Fig. 21). 
This variability of Levallois flakes, observed in the levels H is confirmed also in the level IV 
(Fig 22 n 1 to 6).  Kombewa flakes present in level H with 22 pieces (1.1%) increase in level 





Figure 20 – Flakes end - products from I.  Centripetal levallois types flakes (n.1 to 3); 






Figure 21 – Flakes end-products from H.  Unidirectional levallois types flakes 
(n.1); Centripetal levallois type flakes (n. 2). 
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Figure 22 – Flakes end products from IV.  Convergent levallois types flakes (n.1 to 3); Centripetal 





Figure 23 – Flakes end products from 2.  Unidirectional flakes (n.1 and 2); Convergent flakes (n. 3 and 
4). 
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3.2.3 Blades and bladelets end-products 
 
Blades at Bau de l’Aubesier are constantly present beside a dominance of flakes. Considering 
just the entire pieces, blades ratios range from 20.9% in level K to 2.8% in level 3 (Table 7). 
Except for one single piece found in the level K, bladelets has been recognized just in level H 
and in the upper levels IV, 3 and 2. The major concentration of bladelets is in the level IV where 
62 entire bladelets and 132 fragmented bladelets (Table 7 and Table A in suppl File) have been 
found. Presence of intentional bladelets production is supported by the presence of bladelets 
cores in the level 5, IV and 2. In the level H bladelets cores are totally absent. Presence of 
bladelets in level H can be the results of an advanced exploitation of the semi-rotating/rotating 




   Table 7 -  Blades and flakes removals excluding the fragmented pieces.   
Levels 
MIS 7b - 7a MIS 7a-6 MIS 6 MIS 5d ? 
K J I H 5 IV 3 2 
N % N % N % N % N % N % N % N % 
Flakes 150 78,5 273 89,2 786 95,3 1960 94,9 190 96,9 4535 90,8 100 92,6 430 90,5 
Blades 40 20,9 33 10,8 39 4,7 90 4,4 6 3,1 399 8,0 3 2,8 32 6,7 
Bladelets 1 0,5 - 0 - 0 16 0,8 - 0 62 1,2 5 4,6 13 2,7 




The length-width ratio of blades show a similar elongation index in all the levels even if a slight 
difference exists between the lower and the upper levels. Elongated blades with length-width 
ratio > 4 ≤ 5 are in fact absent in level K, J and I, while they constitute the 4.4 % of laminar 
product in the level 2 and the 3.5% in the level IV (Table 8). Level IV contains also rare very 
elongated blades and narrow blades with a length-width ratio >5 (Table 8).  
More in general two tendencies can be observed along the sequence from the lower to the upper 
levels which are the increase of the elongation of the blades and the presence of smaller product 




  Table 8 -  Blades and bladelets elongation parameters   
Layers	
k	 J	 I	 H	 5	 4	 3	 2	
N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
laminar	flake	(	>2	<2.5	)	 19	 46,3	 17	 51,5	 19	 47,5	 54	 50,9	 4	 66,7	 212	 46,0	 2	 28,6	 22	 48,9	
short	blade	(	≥2.5	<3	)	 15	 36,6	 11	 33,3	 16	 40	 32	 30,2	 2	 33,3	 153	 33,2	 1	 14,3	 15	 33,3	
blade	(	≥	3	≤	4	)	 6	 14,6	 5	 15,2	 5	 12,5	 17	 16	 -	 0	 75	 16,3	 1	 14,3	 4	 8,9	
elongated	blade	(>	4	≤	5)	 -	 0	 -	 0	 -	 0	 3	 2,8	 -	 0	 16	 3,5	 3	 42,9	 2	 4,4	
very	elongated	blade	(>	5		≤	6	)	 1	 2,4	 -	 0	 -	 0	 -	 0	 -	 0	 2	 0,4	 -	 0	 1	 2,2	
narrow	blade	(	>	6	)	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 3	 0,7	 -	 0	 1	 2,2	
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Figure 24 – Length-Width ratio of blades and bladelets across the sequence. 
 
Blade core technologies at Bau de l’Aubesier follow two main different reduction strategies; a 
volumetric exploitation and a surface exploitation. 
These two reduction strategies observed on the cores aimed to produce distinct end-products 
characterized by different morphological features which are the results of a different 
exploitation rhythm.  
The semi-rotating or rotating rhythm that characterizes the volumetric concept is based on 
removals that are strucked alternately on the lateral edges and on the center of the flaking 
surface. Each removal has a double role at the same time, which is to produce blades and to 
maintain the lateral convexities all along the reduction process.  The effect of this exploitation 
gives to the core a convex trapezoidal cross-section (Fig 25 A). The results of this operation 
have as consequence the production of thick blades characterized by a robustness cutting edge 
and a trapezoidal cross-section (Fig 25 n.1). 
Conversely, in the surface exploitation, as in the case of the Levallois concept, the main 
production is mainly obtained on the center of the flaking surface. In this case debordant 
removals contribute to maintain the lateral convexity but without invading the laterals edges of 
the volume (Fig 25 B). Blades cores exploited on surface are characterized by a slightly convex 
rectangular cross section. The products derived from a surface exploitation are thin blades with 
a thin cutting edge (Fig 25 n.2). The differences between the volumetric and surface 
exploitation products emerge clearly comparing their thickness-thick ratio (Figure 26).  
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Figure 25 – Modeling of surface and volumetric blade reduction systems: Blade from 






Figure 26 – Comparison between the Thickness-Width ratio of blades from 





























Blade from volume Blades from surface
Lineare  (Blade from volume) Lineare  (Blades from surface)
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Blades from surface and blade from volume are present in all the sequence but in different 
percentage depending on the layers. Most of the blades fell in the ‘undefined blade’ category 
that show mixed technological features. (Table 9).  
Levels K and J show a major percentage of blades from volume while in levels I and particularly 
in levels H and IV blades from surface and blade from volume is equally represented (Table 9).  
Supplementary technological features show some differences between the blades from volume 
and the blades from surface. The platform of the blade from surface is frequently faceted or 
partially faceted showing a curated preparation of the striking platform (Table 10). By contrast, 
blades from volume show a major presence of plain or cortical platform (Table 10).  Non-





              Table 9 -  Volumetric and surface blades composition   
Levels	 K	tot	 J	 I	 H	 5	 IV	 3	 2	
N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Blades	from	volume	 17	 41,5	 13	 39,4	 8	 20	 28	 26,4	 3	 50,0	 116	 25,2	 -	 0	 5	 11,1	
Blades	from	surface	 3	 7,3	 6	 18,2	 11	 27,5	 27	 25,5	 2	 33,3	 137	 29,7	 -	 0	 15	 33,3	
Undet.	(mixed	features)	 20	 48,8	 14	 42,4	 21	 52,5	 35	 33,0	 1	 16,7	 146	 31,7	 2	 28,6	 12	 26,7	
Bladelets	 1	 2,4	 -	 0	 -	 0	 16	 15,1	 -	 0,0	 62	 13,4	 5	 71,4	 13	 28,9	
Total	 41	 100	 33	 100	 40	 100	 106	 100	 6	 100	 461	 100	 7	 100	 45	 100	
 
 
           Table 10 -  Platfrom modification    
LEVELS	 K	 J	 I	 H	 5	 IV	 3	 2	
Blades	from	volume	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Completely	Faceted	 -	 0	 1	 7,7	 -	 0	 1	 3,6	 -	 0	 7	 6,0	 -	 0	 -	 0	
Partially	Faceted	 2	 11,8	 2	 15,4	 2	 25,0	 4	 14,3	 1	 33,3	 19	 16,4	 -	 0	 1	 20,0	
Dihedral	 2	 11,8	 2	 15,4	 -	 0	 -	 0	 -	 0	 8	 6,9	 -	 0	 -	 0	
Unprepared	(Plain)	 7	 41,2	 5	 38,5	 4	 50,0	 19	 67,9	 2	 66,7	 61	 52,6	 -	 0	 3	 60,0	
Unprepared	(Cortical)	 1	 5,9	 1	 7,7	 -	 0	 2	 7,1	 -	 0	 2	 1,7	 -	 0	 -	 0	
Punctiform	 2	 11,8	 -	 0,0	 -	 0	 1	 3,6	 -	 0	 5	 4,3	 -	 0	 1	 20,0	
Linear	 -	 0	 1	 7,7	 -	 0	 -	 0	 -	 0	 6	 5,2	 -	 0	 -	 0	
Absent	(fracture)	 1	 5,9	 1	 7,7	 2	 25,0	 1	 3,6	 -	 0	 3	 2,6	 -	 0	 -	 0	
Absent	(removed	by	retouch)	 2	 11,8	 -	 0	 -	 0	 -	 0	 -	 0	 5	 4,3	 -	 0	 -	 0	
Total	 17	 100	 13	 100	 8	 100	 28	 100	 3	 100	 116	 100	 -	 0	 5	 100	
Blades	from	surface	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Completely	Faceted	 2	 66,7	 3	 50,0	 7	 63,6	 9	 33,3	 1	 50,0	 23	 16,8	 -	 0	 6	 40,0	
Partially	Faceted	 -	 0	 -	 0	 3	 27,3	 7	 25,9	 -	 0	 31	 22,6	 -	 0	 3	 20,0	
Dihedral	 -	 0	 -	 0	 -	 0	 3	 11,1	 -	 0	 8	 5,8	 -	 0	 -	 0	
Unprepared	(Plain)	 1	 33,3	 1	 16,7	 1	 9,1	 4	 14,8	 1	 50,0	 47	 34,3	 -	 0	 4	 26,7	
Unprepared	(Cortical)	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 2	 1,5	 -	 0	 -	 0	
Punctiform	 -	 0	 2	 33,3	 -	 0	 -	 0	 -	 0	 8	 5,8	 -	 0	 -	 0	
Linear	 -	 0	 -	 0	 -	 0	 3	 11,1	 -	 0	 5	 3,6	 -	 0	 -	 0	
Absent	(fracture)	 -	 0	 -	 0	 -	 0	 1	 3,7	 -	 0	 10	 7,3	 	 0	 2	 13,3	
Absent	(removed	by	retouch)	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 3	 2,2	 -	 0	 -	 0	
Total	 3	 100	 6	 100	 11	 100	 27	 100	 2	 100	 137	 100	 -	 0	 15	 100	
Undeter.	(mixed	features)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Completely	Faceted	 1	 5,0	 1	 7,1	 5	 23,8	 3	 8,6	 -	 	 6	 4,1	 -	 0	 0	 0	
Partially	Faceted	 2	 10,0	 3	 21,4	 1	 4,8	 2	 5,7	 1	 100	 27	 18,5	 -	 0	 3	 25,0	
Dihedral	 2	 10,0	 -	 0	 1	 4,8	 2	 5,7	 -	 	 4	 2,7	 -	 0	 -	 0	
Unprepared	(Plain)	 8	 40,0	 6	 42,9	 8	 38,1	 10	 28,6	 -	 	 75	 51,4	 3	 100	 7	 58,3	
Unprepared	(Cortical)	 -	 0	 -	 0	 -	 0	 2	 5,7	 -	 	 2	 1,4	 -	 0	 -	 0	
Punctiform	 3	 15,0	 -	 0	 1	 4,8	 4	 11,4	 -	 	 9	 6,2	 -	 0	 1	 8,3	
Linear	 -	 0	 1	 7,1	 1	 4,8	 11	 31,4	 -	 	 11	 7,5	 -	 0	 1	 8,3	
Absent	(fracture)	 2	 10,0	 3	 21,4	 3	 14,3	 1	 2,9	 -	 	 10	 6,8	 -	 0	 -	 0	
Absent	(removed	by	retouch)	 2	 10,0	 -	 0	 1	 4,8	 -	 0	 -	 	 2	 1,4	 -	 0	 -	 0	
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          Table 11 -  Edge platform modification   
 
LEVELS	 K	 J	 I	 H	 5	 IV	 3	 2	
Blades	from	volume	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Edge	Trimming	 6	 35,3	 5	 38,5	 2	 25	 3	 10,7	 1	 33,3	 35	 30,2	 -	 0	 1	 20	
Edge	abrasion	 1	 5,9	 2	 15,4	 2	 25	 3	 10,7	 -	 0	 15	 12,9	 -	 0	 -	 0	
Unmodified	 8	 47,1	 5	 38,5	 4	 50	 21	 75,0	 2	 66,7	 64	 55,2	 -	 0	 4	 80	
Undet.	(partial	fractured)	 2	 11,8	 1	 7,7	 -	 0	 1	 3,6	 -	 0	 2	 1,7	 -	 0	 -	 0	
Total	 17	 100	 13	 100	 8	 100	 28	 100	 3	 100	 116	 100	 -	 0	 5	 100	
Blades	from	surface	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Edge	Trimming	 -	 -	 1	 16,7	 2	 18,2	 4	 14,8	 -	 0	 44	 32,1	 -	 0	 3	 20	
Edge	abrasion	 -	 -	 -	 0	 3	 27,3	 2	 7,4	 1	 50	 31	 22,6	 -	 0	 1	 6,7	
Unmodified	 3	 100	 5	 83,3	 6	 54,5	 21	 77,8	 1	 50	 62	 45,3	 -	 0	 11	 73,3	
Undet.	(partial	fractured)	 -	 -	 -	 0	 -	 0,0	 -	 0	 -	 0	 -	 0,0	 -	 0	 -	 0	
Total	 3	 100	 6	 100	 11	 100	 27	 100	 2	 100	 137	 100	 -	 0	 15	 100	
Undeter.	(mixed	features)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Edge	trimming	 6	 30	 4	 28,6	 4	 19,0	 4	 11,4	 -	 0	 36	 24,7	 -	 0	 2	 16,7	
Edge	abrasion	 5	 25	 -	 0	 -	 0,0	 3	 8,6	 -	 0	 31	 21,2	 -	 0	 1	 8,3	
Unmodified	 8	 40	 7	 50,0	 17	 81,0	 28	 80	 1	 100	 73	 50,0	 2	 100	 9	 75	
Undet.	(partial	fractured)	 1	 5	 3	 21,4	 -	 0,0	 -	 0	 -	 0	 6	 4,1	 -	 0	 -	 0	
Total	 20	 100	 14	 100	 21	 100	 35	 100	 1	 100	 146	 100	 2	 100	 12	 100	
 
 
A supplementary variability in blade production is originated by the exploitation methods used 
which are the convergent or the unidirectional/bidirectional methods.  Height techno-type have 
been recognized in relation to the methods used and the position of the removal on the flaking 
surface (Fig. 27). 
By cross-references these techno-type of blades with the volumetric and surface blades types 
some tendencies can be notice. (Table 12). 
Blades from volume in level K J and I show a certain variability of tecno-type among which 
the convergent blades take a certain relevance (Tab 12), (Fig. 28 n. 1, 2 and 4). Blades with a 
peripheral cutting edge are also well represented in these levels (Fig. 28 n.3). 
Blades on surface show contrarily a major representation of blades with a peripheral cutting 
edge “Type S0”. This tendency is particularly evident in level H where the S0 type is the 85.2% 
of the blades from surface. (Table 12). 
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      Table 12 -  Blades technotype   
LEVELS	 K	 J	 I	 H	 5	 IV	 3	 2	
Blades	from	volume	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
P1	convergent	 3	 17,6	 4	 30,8	 2	 25,0	 3	 10,7	 -	 0	 20	 17,2	 -	 0	 1	 20,0	
P2	convergent	with	natural	back	 1	 5,9	 -	 0	 -	 0	 -	 0	 -	 0	 1	 0,9	 -	 0	 -	 0	
P3	distal	convergent	 1	 5,9	 3	 23,1	 3	 37,5	 2	 7,1	 -	 0	 15	 12,9	 -	 0	 -	 0	
P4	distal	convergent	with	natural	back	 2	 11,8	 -	 0	 -	 0	 2	 7,1	 -	 0	 1	 0,9	 -	 0	 1	 20,0	
S0	peripheral	cutting	edges	 5	 29,4	 2	 15,4	 2	 25,0	 6	 21,4	 -	 0	 28	 24,1	 -	 0	 2	 40,0	
S1	parallels	cutting	edges	 -	 0	 2	 15,4	 -	 0	 8	 28,6	 1	 33,3	 25	 21,6	 -	 0	 -	 0	
S2	single	cutting	edge	 2	 11,8	 1	 7,7	 1	 12,5	 5	 17,9	 2	 66,7	 14	 12,1	 -	 0	 1	 20,0	
S3	adjacent	cutting	edge	 3	 17,6	 1	 7,7	 -	 0	 2	 7,1	 -	 0	 12	 10,3	 -	 0	 -	 0	
Total	 17	 100	 13	 100	 8	 100	 28	 100	 3	 100	 116	 100	 -	 0	 5	 100	
Blades	from	surface	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
P1	convergent	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 24	 17,5	 -	 0	 2	 13,3	
P2	convergent	with	natural	back	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 1	 0,7	 -	 0	 1	 6,7	
P3	distal	convergent	 1	 33,3	 1	 16,7	 2	 18,2	 3	 11,1	 -	 0	 11	 8,0	 -	 0	 3	 20,0	
P4	distal	convergent	with	natural	back	 -	 0	 -	 0	 1	 9,1	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	
S0	peripheral	cutting	edges	 2	 66,7	 4	 66,7	 5	 45,5	 23	 85,2	 2	 100	 71	 51,8	 -	 0	 6	 40,0	
S1	parallels	cutting	edges	 -	 0	 1	 16,7	 2	 18,2	 -	 0	 -	 0	 21	 15,3	 -	 0	 -	 0	
S2	single	cutting	edge	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 3	 2,2	 -	 0	 1	 6,7	
S3	adjacent	cutting	edge	 -	 0	 -	 0	 1	 9,1	 1	 3,7	 -	 0	 6	 4,4	 -	 0	 2	 13,3	
Total	 3	 100	 6	 100	 11	 100	 27	 100	 2	 100	 137	 100	 -	 0	 15	 100	
Undeter.	(mixed	features)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
P1	convergent	 3	 15,0	 0	 0	 2	 9,5	 1	 2,9	 -	 0	 25	 17,1	 -	 0	 5	 41,7	
P2	convergent	with	natural	back	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 2	 1,4	 -	 0	 -	 0	
P3	distal	convergent	 1	 5,0	 1	 7,1	 -	 0	 4	 11,4	 -	 0	 5	 3,4	 -	 0	 -	 0	
P4	distal	convergent	with	natural	back	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 1	 0,7	 -	 0	 -	 0	
S0	peripheral	cutting	edges	 6	 30,0	 3	 21,4	 10	 47,6	 23	 65,7	 -	 0	 40	 27,4	 -	 0	 6	 50,0	
S1	parallels	cutting	edges	 10	 50,0	 3	 21,4	 5	 23,8	 4	 11,4	 -	 0	 25	 17,1	 1	 50	 -	 0	
S2	single	cutting	edge	 -	 0	 6	 42,9	 3	 14,3	 2	 5,7	 1	 100	 36	 24,7	 1	 50	 1	 8,3	
S3	adjacent	cutting	edge	 -	 0	 1	 7,1	 1	 4,8	 1	 2,9	 -	 0	 12	 8,2	 -	 0	 -	 0	




Figure 28 – Blades from level K and J. Convergent blades from volume (n. 1, 2 and 4); Non-convergent 
blade from volume (n. 3) 
 
Passing on to analyse the level H a change can be notice in the representation of the techno-
type of blades. Convergent blades from volume decrease and they are mostly associated with 
the type with a peripheral and parallel cutting edge “S0 and S1” type”. At the same time 
debordant blades increase “type S2” (Table 12). However, despite the decrease of the 
convergent blades a wide variability in the techno-type continue to be present (Fig. 29 n. 2 to 
5). 
The increase of debordant blades in level H can be linked with the use of the rotating and semi-
rotating reduction systems. Associated with the configuration of these reduction strategies 3 
crested blades has been found (Fig. 29 n. 1).    
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Still associated with blade volumetric reduction systems, level H shows a high percentage of 
plunging blades “Type S1 and S2” (Table 12) (Fig. 29 n. 2 and 3).  
In the upper levels and especially in level IV,  techno-type of volumetric blades repeat the same 
variability observed in level H (Fig. 30). Convergent and non-convergent techno-type are both 
present with a major presence of the latter one (Table 12). Crested blades, as in the level H are 
present with 5 pieces (Fig. 30 n.2). Plunging blades (S1 and S2 types) continue to be presents 
with similar percentage to the level H (Table 12) (Fig. 30 n. 1).  
If blades from volume in level IV share similar pattern with level H blades from surface differ 
greatly. In fact, even if blades from surface with parallel and peripheral cutting edge continue 
to be the most represented techno-type, at the same time a different techno-type, the convergent 
blades, appear. (Table 12) (Fig. 31). Non-convergent blades from surface also is well 
represented in level IV (Fig. 32).  
 
 
Figure 29 – Blades from level H: Crested blade (n.1); Blade parallel cutting edge “S1 type” (n. 2 and 3); 
Blade with parallel cutting edge and distal convergence “ Type P3” (n. 4).; Blade with pheripheral cutting 
edge from surface “Type S0 (n. 5).  
 
 
       Figure 30 – Blades from volume (level IV): 
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                         Figure 32 – Level IV Non convergent blades form surface. 
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Blades from surface in level IV can be related to different reduction strategies. Convergent 
blades find a logical connection with the four blade convergent cores exploited by parallel plans. 
(Fig. 15 n.2). Non-convergent blades from the surface can be link with the unidirectional and 
bidirectional exploiation by parallel plans Levallois or not Levallois.   
Concerning the bladelets, some differences emerge comparing the levels H and IV (Table 13). 
The most represented techno type in level H is constituted by bladelets with a peripheral cutting 
edge (S0 type) whereas in level IV a major variability can be observed that includes an 
increasing of convergent bladelets (Fig 33).    
 











Percussion technique of bladelets is the direct percussion with hard hammer. Longitudinal 
profile of the bladelets is straight or slightly curved. Just a few items present a curve profile and 
a twisted profile (Table 14).  
Platforms of bladelets are often flat with the percussion point located two or three mm from the 
platform edge (Table 15). Punctiform and linear platform are also present and can indicate an 
episodic use of the marginal percussion. Platform edge is mainly left unmodified. Trimming 
and abrasion of the platform edge is sporadically attested (Table 16). 
 
 











     Table 15 -  Bladelets platform 
Levels	
K	 H	 4	 3	 2	
N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Completely	Faceted	 -	 -	 -	 -	 5	 8,1	 -	 0	 1	 7,7	
Partially	Faceted	 -	 -	 -	 -	 3	 4,8	 -	 0	 -	 0	
Dihedral	 -	 -	 -	 -	 3	 4,8	 -	 0	 -	 0	
Unprepared	(Plain)	 1	 100	 9	 56,3	 24	 38,7	 4	 80,0	 7	 53,8	
Unprepared	(Cortical)	 -	 -	 1	 6,3	 2	 3,2	 -	 0	 -	 0	
Punctiform	 -	 -	 1	 6,3	 12	 19,4	 1	 20,0	 4	 30,8	
Linear	 -	 -	 5	 31,3	 10	 16,1	 -	 0	 -	 0	
Absent	(fracture)	 -	 -	 -	 0	 3	 4,8	 -	 0	 1	 7,7	
Total	 1	 100	 16	 100	 62	 100	 5	 100	 13	 100	
 
 
                         
Levels	
K	 H	 IV	 3	 2	
N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
P1	convergent	 -	 0	 2	 12,5	 12	 19,4	 1	 20	 4	 30,8	
P2	convergent	with	natural	back	 -	 0	 1	 6,3	 2	 3,2	 -	 0	 2	 15,4	
P3	distal	convergent	 -	 0	 1	 6,3	 5	 8,1	 1	 20	 -	 0	
P4	distal	convergent	with	natural	back	 -	 0	 -	 0	 1	 1,6	 -	 0	 -	 0	
S0	peripheral	cutting	edges	 1	 100	 9	 56,3	 18	 29,0	 3	 60	 5	 38,5	
S1	parallels	cutting	edges	 -	 0	 -	 0	 17	 27,4	 -	 0	 -	 0	
S2	single	cutting	edge	 -	 0	 1	 6,3	 5	 8,1	 -	 0	 1	 7,7	
S3	adjacent	cutting	edge	 -	 0	 2	 12,5	 2	 3,2	 -	 0	 1	 7,7	
Total	 1	 100	 16	 100	 62	 100	 5	 100	 13	 100	
Levels	
K	 H	 4	 2	
N	 %	 N	 %	 N	 %	 N	 %	
Straight	 1	 100	 9	 56,3	 37	 59,7	 10	 76,9	
Slightly	curved	 -	 0	 4	 25,0	 10	 16,1	 2	 15,4	
Curved	 -	 0	 3	 18,8	 4	 6,5	 -	 0	
Irregular	 -	 0	 -	 0	 3	 4,8	 1	 7,7	
Twisted	 -	 0	 -	 0	 8	 12,9	 -	 0	
Total	 1	 100	 16	 100	 62	 100,0	 13	 100	
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3.2.4 Retouched elements. 
Retouched tools are present along the sequence in different proportions (Table 17). 
Retouchments rarely modifies the form of the blanks, whether flakes or blades.  
When it is presents, the retouchment seems to be focused to regularize the cutting edge of the 
blanks without changing the original structure of the flakes or blades (e.g. Fig. 32 n.1 and Fig 
21). The only exception is represented by fifteen pieces (12 from unit K and 3 from J) that are 
characterized by partial shaping to build a rostrum (Fig. 34). 
Blades are more frequently retouched than flakes except for the level K (Table 17). Retouched 
blades ratio range from 27.5% in level I to 12.5 % in level I while retouched flakes ratio range 
from 26.6 % in level K and 7.2 in level H (Table 6). 
Bladelets are left unretouched except one single bladelet with a lateral retouch found in the 








Levels	 K	 H	 4	 3	 2	
N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Edge	trimming	 -	 0	 1	 6,25	 5	 8,1	 -	 0	 1	 7,7	
Edge	abrasion	 -	 0	 3	 18,75	 6	 9,7	 -	 0	 1	 7,7	
Unmodified	 1	 100	 12	 75	 51	 82,3	 4	 80	 11	 84,6	
Undet.	(partial	fractured)	 -	 0	 -	 0	 -	 0,0	 1	 20	 -	 0	
Total	 1	 0	 16	 100	 62	 100	 5	 100	 13	 100	
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Table 17: Incidence of the retouch on the flakes, blades and bladelets 
Levels	 Blades	 Flakes	 Bladelets	Total	 Ret.	N		 Ret	%	 Total	 Ret.	N		 Ret	%	 Total	 Ret.	N		 Ret	%	
2	 32	 4	 12.5	 430	 48	 11.1	 13	 0	 0	
3	 3	 0	 0	 105	 9	 8.5	 5	 0	 0	
IV	 399	 95	 23.8	 4535	 496	 10.9	 62	 1	 1.6	
5	 6	 0	 0	 192	 29	 15.1	 0	 0	 0	
H	 90	 23	 25.5	 1960	 143	 7.2	 16	 0	 0	
I	 40	 11	 27.5	 785	 72	 9.1	 0	 0	 0	
J	 33	 6	 18.1	 273	 33	 12.1	 0	 0	 0	






Figure 34 -  Bau de l’Aubesier: Partially shaped pieces from level K. 
 
 
3 – DISCUSSION  
 
3.1 Flakes blades and bladelets at the Bau de l’Aubesier. 
 
Over the sequence of Bau de l’Aubesier a complex variability in reduction processes has been 
detected. Differences and common features over time can be observed in both flakes and blades 
productions. 
The blade production is made out of two main procedures that follow a volumetric and a surface 
exploitation. The technological flexibility of these two blade reduction process allows to 
produce a supplementary variability which is expressed along the sequence by the 
diversification in the methods used (Fig 35). 
Starting from the bottom of the sequence, blade productions in the level K show a pyramidal 
system and a unidirectional rotating system aimed to produce convergent and non-convergent 
blades (Fig. 35). Levels J and I “lost” the pyramidal system, which is replaced by a semi-
rotating sub-convergent system. In the subsequent level H the variability of blade reduction 
systems repeats in large part what has been seen in level J and I with slight differences that 
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consist in the presence of a unidirectional rotating system and in a decrease of the sub-
convergent semi-rotating systems.  
 
 
Figure 35 - Summary of the reduction processes over the sequences at the Bau de l’Aubesier 
 
A clear element of discontinuity has been highlighted in the upper levels and more specifically 
in the level IV. In this level, beside the continuum of the volumetric blade production based on 
the unidirectional semi-rotating systems, a production of convergent blades reappears by the 
mean of a surface exploitation really close to the Levallois volumetric concept.  
The second important technological change in level IV is constituted by the production of 
bladelets by independent reduction strategies which are clearly documented by bladelets, cores 
and by-product such us crested bladelets and rejuvenation bladelets (Fig 35). Less clear is the 
bladelet component found in the level H that could be the result of an advanced phase of a 
volumetric unidirectional exploitation. Level 2 at the top of the sequence also shows a bladelets 
production even if in minor quantity. 
As well as for the blades reduction strategies, also flakes reduction strategies show elements of 
continuity and discontinuity over the sequence. 
The lower levels (K, J and I) are characterized by the non-levallois parallel plans exploitation 
and by the secant plans exploitation. Levallois, which is absent in level K, appears sporadically 
in the level J and I in the form of the recurrent centripetal method (Fig 35).  
Level H signs a technological break with the lower level concerning the flake production. This 
level is in fact dominated by the centripetal Levallois reduction system. Beside the dominance 
of the centripetal method the Levallois concept shows also a larger variability represented by 
the unidirectional and bidirectional methods.  
Secant plan exploitation continue to be present and include a Trifacial exploitation not detected 
in the levels K J and I.    
Level IV repeats to a large extent the variability observed in the level H but with some 
exceptions. The Levallois variability in this level includes in fact also the convergent method 
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while the Kombewa exploitation already present in level H and I increases and repeats the same 
methods variability observed for the Levallois.    
The technological variability observed on the core is reflected in the end-products 
differentiation. Over the sequence, change in blade and flake techno-type is observed. 
Concerning the blade production two main categories of blades are produced by the mean of 
two different distinct modalities that are the surface exploitation and the volumetric exploitation.  
Inside these categories, the use of different methods is aimed to produce two main types of 
blades that are the convergent blades and the non-convergent blades. Convergent blades in 
lower levels come from a volumetric exploitation that can be easily related to the sub-pyramidal 
cores found in levels K. 
In the upper level (IV and 2) convergent blades are the result of a surface exploitation. These 
products are coherent with the elongated convergent core found in level IV. Non-convergent 
volumetric blades are present with different percentage all over the sequence in parallel with a 
continuous presence of the unidirectional volumetric exploitation cores.  
The Non-convergent blades from surface exploitation are more difficultly linkable with specific 
reduction systems. These blades can be the results of a unidirectional or bidirectional 
exploitation on surface both Levallois and non Levallois.  However, we can notice that the 
increasing of Levallois and in particular the unidirectional and bidirectional methods in level H 
and IV is correlated with an increase of this techno type of blades (Table 4).   
Concerning the flakes, the differentiation in the Levallois method observed in level H with the 
insurgence of the unidirectional and bidirectional methods and in level IV with the convergent 
method fit well with an increase of the variability in the levallois end product in these levels.    
To sum up a wide variability is obtained in blades and flakes end product due to a large 
differentiation in reduction strategies.  This variability directly obtained during the débitage can 
explain the rare use of the retouchments that furthermore when used rarely modify the structure 
of the end product for both flakes and blades.   
 
3.2 Blade and bladelets in the Middle Paleolithic. 
 
Prior knowledge show how the most ancient blade production is concentrated in the northern 
European plain at the end of MIS 8 the MIS 7.  
The blade production found in the lower level (K, J and I) at Bau de l’Aubesier, dating back to 
the end of MIS 7, and located in the southeast France contributes to mitigate this scenario.  
The sub-pyramidal systems that characterise the blade production in the lower level at the Bau 
de l’Aubesier don’t find any clear match with the northern plain blades reduction strategies 
which instead are based on a volumetric unidirectional or bidirectional reduction strategies such 
as at Saint-Valéry-sur-Somme (Heinzelin & Haesaerts 1983), Bapaume-les Osiers (Koehler 
2008) and Therdonne (Locht et al. 2010) in France, Rissori (Adam 1991; Adam & Tuffreau 
1973) in Belgium.  The blades pyramidal core, prior the MIS 5 has been highlighted in the 
Italian peninsula at the site of Cave dall’Olio and dating back to MIS 9 (Fontana et al 2009). 
Later on, during the MIS 5, evidence of pyramidal blades cores become more frequent such as 
in the sites of Angé in central-north of France (Koehler and Debenham 2009) or at Cantaluette 
IV (Blaser et al. 2012) in the southouest France even if semirotating and rotating systems 
continue to be the most reduction strategies used to produce blades as exemplified by the sites 
of Riencourt lès-Bapaume (Ameloot-Van der Hejden 1993; Goval & Hérisson 2006), Saint-
Germain-des-Vaux (Cliquet 1992; Révillion & Cliquet 1994), Seclin (Révillion & Tuffreau 
1994), Bettencourt-Saint-Ouen (Loch 2002), Blangy-Tronville (Depaepe et al. 1999), and 
Rocourt (Otte 1994a). In the level IV of Bau de l’Aubesier, dating back to the MIS 5, this type 
of reduction strategies are largely used but in the meanwhile the production of convergent 
blades by a surface exploitation is as well present. At the state of research this type of production 
doesn’t find any clear match with the contemporaneous sites.  
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In general, we can observe how the blade production recognized at Bau de l’Aubesier shows 
both elements of convergence and divergence with the blade reduction strategies used from the 
MIS 7 to the MIS 5. 
A second important element of divergence, which characterize the Bau de l’Aubesier, is the 
bladelets products recognized in the level IV.  
Evidence of Middle Paleolithic bladelets production is a known phenomenon during the MIS 4 
and 3 as noted at the sites of El Castillo and Cueva Morin in northern Spain (Maíllo Fernández 
2001; Maíllo-Fernández et al. 2004), at Champ Grand (Slimak & Lucas 2005) and Combe 
Grenal in France (Faivre 2012), Fumane (Peresani et al. 2013) and Grotta del Cavallo in Italy 
(Carmignani 2010) and Balver Höhle in Germany (Pastoors & Tafelmaier 2010). 
Prior to this period evidence of bladelets production are extremely rare. An ephemeral bladelets 
production dating back to the end of MIS 8 in the site of Payre has been recently highlighted 
by the author. Nevertheless, the few cores recognized at Payre and the total absence of product 
and by-products does not allow clarifying if we are facing a true intentional systematic 
production (Carmignani et al in this volume).    
A second ancient evidence comes from the site of Bapaume les Osiers and dates back to the 
end of the MIS 7 that is constituted of one bladelet core and four bladelets (Koehler 2008). 
Evidences of bladelets production continue to be extremely rare and anecdotic also during the 
MIS 5. Production of small elongate elements removed by flakes has been recognized at the 
site of Angé.  The author specifies however that in this case the reduction process of the 
bladelets is in continuity with a blade production and not can be considered as an independent 
reduction strategy (Koehler et al 2014). Another ephemeral presence of bladelets core dated at 
the MIS 5 has been recently recognized at the site of Riparo del Molare. No specific information 
about the end-product and the quantification are currently available (Aureli and Ronchitelli in 
press). 
In contrast to these ephemerals evidences, at Bau the l’Aubesier all the chaine operatoire is 
present and leaving no doubt about the intentionality if this production.  
   
 
CONCLUSION 
The long-term evolution of the European Middle Paleolithic blade production spanning more 
than 200,000 years cannot be defined as a monolithic entity.  
The large variability observed in blades techno-type suggests that the blade phenomenon cannot 
be related to a specific tool and probably neither to a specific function.  
Although the blade variability recognized at the Bau de l’Aubesier share certain features with 
the contemporaneous reduction strategies present in northern Europe, original elements 
characterize the specific techno-cultural baggage of the Neanderthal group that occupied the 
site from the end of the MIS 7 to the MIS 5. The scenario that emerged at Bau de l’Aubesier is 
characterized by a complex internal technological evolution that affects both the reduction 
strategies and the end product. 
The origin of this variability reflects in our opinion the existence of distinct technological 
traditions trough the time.  Furthermore, even if the role of the Middle Paleolithic bladelets is 
still unclear its evidence largely documented at the Bau de l’Aubesier contributes to enlarge our 
vision about the complexity of the Neanderthal techno-cultural baggage.  
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Blade and bladelets in the Neanderthal techno-cultural baggage: Evolution 




Supplementary File S1  
 
Table A. – Determined fragmented pieces 
		 K	 J	 I	 H	 G-F-E-D-C	 5	 IV	 3	 2	 1	
Levels	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Cortex	>50	%	dist	 -	 0	 -	 0	 1	 0,4	 7	 1	 -	 0	 1	 1	 11	 0,5	 -	 0	 3	 0,9	 -	 0	
Cortex	>50	%	mes	 -	 0	 -	 0	 -	 0	 1	 0,1	 -	 0	 -	 -	 1	 0	 -	 0	 -	 0	 -	 0	
Cortex	>50	%	prox	 -	 0	 -	 0	 -	 0	 4	 0,6	 -	 0	 -	 -	 4	 0,2	 -	 0	 1	 0,3	 -	 0	
Cortex	<50%	dist	 1	 1,6	 -	 0	 3	 1,2	 26	 3,9	 3	 8,6	 -	 -	 18	 0,9	 -	 0	 4	 1,2	 -	 0	
Cortex	<50%	mes	 1	 1,6	 -	 0	 1	 0,4	 6	 0,9	 1	 2,9	 -	 -	 4	 0,2	 -	 0	 -	 0	 -	 0	
Cortex	<50%	prox	 2	 3,3	 -	 0	 -	 0	 51	 7,6	 -	 0	 2	 2,1	 17	 0,8	 1	 2,4	 4	 1,2	 -	 0	
Levallois	flakes	Dist	 2	 3,3	 5	 3,5	 12	 4,9	 17	 2,5	 -	 0	 3	 3,1	 33	 1,6	 -	 0	 5	 1,5	 -	 0	
Levallois	flakes	Mes	 -	 0	 3	 2,1	 1	 0,4	 1	 0,1	 -	 0	 -	 -	 4	 0,2	 1	 2,4	 1	 0,3	 -	 0	
Levallois	flakes	Prox	 1	 1,6	 8	 5,7	 36	 14,6	 46	 6,9	 1	 2,9	 7	 7,2	 166	 8,2	 1	 2,4	 20	 6	 -	 0	
Blades	dist	 2	 3,3	 10	 7,1	 23	 9,3	 17	 2,5	 1	 2,9	 4	 4,1	 112	 5,6	 -	 0	 15	 4,5	 -	 0	
Blades	mes	 2	 3,3	 3	 2,1	 6	 2,4	 3	 0,4	 4	 11,4	 4	 4,1	 64	 3,2	 4	 9,5	 4	 1,2	 -	 0	
Blades	prox	 2	 3,3	 8	 5,7	 19	 7,7	 7	 1	 3	 8,6	 2	 2,1	 124	 6,2	 1	 2,4	 19	 5,7	 -	 0	
Bladelets	dist	 -	 0	 -	 0	 -	 0	 7	 1	 -	 0	 -	 -	 50	 2,5	 3	 7,1	 9	 2,7	 -	 0	
Bladelets	mes	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 -	 -	 35	 1,7	 1	 2,4	 8	 2,4	 -	 0	
Bladelets	prox	 -	 0	 -	 0	 -	 0	 2	 0,3	 1	 2,9	 1	 1	 47	 2,3	 2	 4,8	 10	 3	 -	 0	
Debordant	flakes	dist	 -	 0	 -	 0	 2	 0,8	 2	 0,3	 -	 0	 -	 -	 1	 0	 3	 7,1	 2	 0,6	 -	 0	
Debordant	flakes	mes	 -	 0	 -	 0	 -	 0	 -	 0	 -	 0	 1	 1	 4	 0,2	 -	 0	 1	 0,3	 -	 0	
Debordant	flakes	prox	 3	 4,9	 -	 0	 4	 1,6	 1	 0,1	 -	 0	 2	 2,1	 17	 0,8	 -	 0	 8	 2,4	 -	 0	
Centripetal	flakes	dist	 -	 0	 2	 1,4	 6	 2,4	 9	 1,3	 1	 2,9	 1	 1	 19	 0,9	 1	 2,4	 6	 1,8	 -	 0	
Centripetal	flakes	mes	 -	 0	 -	 0	 4	 1,6	 2	 0,3	 -	 0	 -	 -	 2	 0,1	 -	 0	 -	 0	 -	 0	
Centripetal	flakes	prox	 -	 0	 -	 0	 4	 1,6	 9	 1,3	 -	 0	 -	 -	 25	 1,2	 1	 2,4	 5	 1,5	 -	 0	
Unidirectional	flakes	dist	 5	 8,2	 8	 5,7	 11	 4,5	 27	 4	 4	 11,4	 7	 7,2	 145	 7,2	 4	 9,5	 20	 6	 -	 0	
Unidirectional	flakes	mes	 14	 23	 20	 14,2	 17	 6,9	 26	 3,9	 1	 2,9	 4	 4,1	 50	 2,5	 1	 2,4	 18	 5,4	 -	 0	
Unidirectional	flakes	prox	 20	 32,8	 41	 29,1	 26	 10,6	 78	 11,7	 6	 17,1	 11	 11,3	 199	 9,9	 7	 16,7	 42	 12,5	 -	 0	
Bidirectional	flakes	dist	 -	 0	 1	 0,7	 -	 0	 1	 0,1	 -	 0	 -	 -	 2	 0,1	 -	 0	 1	 0,3	 -	 0	
Bidirectional	flakes	mes	 -	 0	 -	 0	 -	 0	 2	 0,3	 -	 0	 -	 -	 1	 0	 -	 0	 -	 0	 -	 0	
Bidirectional	flakes	prox	 -	 0	 -	 0	 -	 0	 3	 0,4	 -	 0	 -	 -	 3	 0,1	 -	 0	 1	 0,3	 -	 0	
Convergent	flakes	dist	 6	 9,8	 11	 7,8	 11	 4,5	 12	 1,8	 4	 11,4	 3	 3,1	 88	 4,4	 3	 7,1	 16	 4,8	 -	 0	
Convergent	flakes	mes	 -	 0	 2	 1,4	 1	 0,4	 -	 0	 -	 0	 -	 -	 2	 0,1	 -	 0	 1	 0,3	 -	 0	
Convergent	flakes	prox	 -	 0	 -	 0	 1	 0,4	 -	 0	 -	 0	 1	 1	 7	 0,3	 -	 0	 2	 0,6	 -	 0	
Undetermined	flakes	dist	 -	 0	 3	 2,1	 15	 6,1	 86	 12,9	 -	 0	 7	 7,2	 196	 9,7	 -	 0	 18	 5,4	 -	 0	
Undetermined	flakes	mes	 -	 0	 2	 1,4	 12	 4,9	 38	 5,7	 1	 2,9	 7	 7,2	 107	 5,3	 -	 0	 17	 5,1	 -	 0	
Undetermined	flakes	prox	 -	 0	 14	 9,9	 30	 12,2	 178	 26,6	 4	 11,4	 29	 29,9	 456	 22,6	 8	 19	 75	 22,3	 3	 100	
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Table B. – Entire determined removals from the Moulin Trench Area 
LEVELS	
G	 F	 E	 D	 C	
N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Flakes (Cortex >50%) -	 0	 -	 0	 -	 0	 -	 0	 -	 0	
Flakes (Cortex<50%) -	 0	 1	 14,3	 1	 2,6	 3	 33,3	 4	 10,8	
Levallois type centripetal -	 0	 3	 42,9	 7	 18,4	 1	 11,1	 5	 13,5	
Levallois type unidirectional -	 0	 -	 0	 -	 0	 -	 0	 -	 0	
Levallois type bidirectional -	 0	 -	 0	 -	 0	 -	 0	 -	 0	
Levallois type othogonal -	 0	 -	 0	 -	 0	 -	 0	 -	 0	
Levallois type convergent -	 0	 -	 0	 -	 0	 -	 0	 -	 0	
Debordant Levallois type flakes -	 0	 -	 0	 -	 0	 -	 0	 -	 0	
Blades 1	 9,1	 -	 0	 2	 5,3	 1	 11,1	 1	 2,7	
Bladelets -	 0	 -	 0	 1	 2,6	 0	 1	 2,7	
Pseudolevallois -	 0	 -	 0	 1	 2,6	 0	 1	 2,7	
Centripetal flakes 4	 36,4	 1	 14,3	 7	 18,4	 0	 6	 16,2	
Kombewa -	 0	 -	 0	 3	 7,9	 0	 3	 8,1	
Unidirectional flakes 3	 27,3	 2	 28,6	 6	 15,8	 1	 11,1	 6	 16,2	
Bidirectional flakes 1	 9,1	 -	 0	 -	 0	 1	 11,1	 2	 5,4	
Orthogonal flakes -	 0	 -	 0	 4	 10,5	 0	 2	 5,4	
Convergent flakes -	 0	 -	 0	 3	 7,9	 1	 11,1	 1	 2,7	
Debordant flakes 1	 9,1	 -	 0	 1	 2,6	 1	 11,1	 3	 8,1	
Macro-tools -	 0	 -	 0	 -	 0	 -	 0	 -	 0	
Striking platform flakes -	 0	 -	 0	 -	 0	 -	 0	 -	 0	
Shaping/retouching flakes -	 0	 -	 0	 -	 0	 -	 0	 1	 2,7	
Rejuvenation flakes -	 0	 -	 0	 1	 2,6	 -	 0	 -	 0	
Crested flakes -	 0	 -	 0	 1	 2,6	 -	 0	 -	 0	
Siret accident 1	 9,1	 -	 0	 -	 0	 -	 0	 1	 2,7	
Total 11	 100	 7	 100	 38	 100	 9	 100	 37	 100	
Table C. – Cores from the Moulin Trench Area. 








Levallois	centripetal	 1	 -	 -	 	-	 2	
Unidirectional	 -	 -	 1	 	-	 2	
Bidirectional	 	-	 -	 	-	 -	 1	
Multidirectional	 	-	 -	 1	 	-	 -	
Kombewa	 	-	 -	 	-	 -	 1	
Kostienky	 	-	 1	 	-	 -	 	-	







sUnidirectional	semi-rotating	 	-	 -	 	-	 -	 1	
Convergent	semi-rotating	 	-	 -	 	-	 -	 1	
Half	pyramidal	cores	 	-	 -	 	-	 -	 	-	
Core's	fragments	 1	 	-	 1	 	-	 -	
Total	 2	 1	 4	 	0	 8	
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The Riparo Tagliente site (Verona, Italy) shows three macro phases in which high 
technological variability can be observed. The aim of this study is to evaluate the specific role 
of the Middle Paleolithic blade production within this variability. Preliminary results show a 
complex scenario in which the role of the blade is strictly linked with flake production through 
mixed reduction systems.  
Two different approaches were used for analysing the lithic assemblages from the site. The 
first analysis focused on the identification of the reduction systems by determining the 
techniques, methods and concepts underlying the entire chaîne opératoire.  The second 
approach concentrated on analysing blade production in order to identify its variability. 
Evidence of blade technology from the Middle Pleistocene (MIS 8-6) has been found in 
northern Europe (France, Belgium). Later, during MIS 5 blades can be found over a larger area, 
this time also including north-western Germany and the central-southern part of France. A third 
period (MIS 4-3) marks the appearance of laminar production in southern Europe, including in 
the Italian peninsula. Based on the present state of research these three phases appear to be on-
and-off events wFithout clear evolutionary continuity.  
By repositioning the sequence of Riparo Tagliente within the Italian context we can 
observe that at the end of the Mousterian period the technological patterns differ greatly, with 
laminar production being one of its most evident expressions. The origin of this fragmentation 
is questionable. 
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By simplifying what is produced through lithic production, we can identify three possible 
categories of products: flakes and blades, both produced by knapping operations (débitage), 
and shaped tools (hand axes, choppers), the result of shaping operations (façonnage). If shaping 
operations involve a conceptual modelling structure of a block of raw material, the dichotomy 
flake-blade is, at the macroscopic scale, a double variant of the same theme, which entails the 
separation of a piece from its original volume. The Middle Paleolithic marks the emergence 
and development of a variety of knapping methods aimed at producing predetermined blanks 
within which the blade occupies a not-yet defined role.  
This paper addresses the issue of the technological complexity that characterizes Middle 
Paleolithic reduction systems and investigates the role of elongated products within the 
Neanderthal techno-cultural baggage. In addition to Levallois production, the sequence of 
Riparo Tagliente shows the use of various reduction systems aimed at obtaining a mixture of 
flake and blade blanks. Because of this a comparison of the morpho-technical characteristics of 
Levallois and non-Levallois elongated products was carried out.  
1.1 The blade phenomenon in the Middle Paleolithic 
From a global point of view, blade production dates back to the Middle Pleistocene. The first 
evidence of blade production was found in Africa at two sites, Kathu Pan (Wilkins & Chazan 
2012) and Kapturin (Johnson & McBrearty 2010), both approximately 500,000 years old 
(Figure 1). 
The Amudian complex in the Middle East is the second oldest evidence of blade production 
and dates back to MIS 9 and MIS 8 (Mercier & Valladas 2003; Barkai et al. 2005).  
Subsequently, in a second phase (MIS 7-6), the expansion and differentiation of blade 
production over a larger area took place, which included the internal part of Syria and the 
southern area of the Caucasus. This second phase gave rise to several other lithic industries 
known by various names: the Hummalian (Le Tensorer 2005; Richter et al. 2011), Pre-
Aurignacian (Bordes 1977), Hayonim (Meignen 2011), and Djruchula-Koudaro industries 
(Meignen & Tushabramishvili 2006, 2010).  
The third and final phase is that of the well-known case of the northern European blade 
production observed at several sites dating back to MIS 8 and MIS 7 (Révillion 1995).  
By contrast, there is no evidence of blade tool production in Asia, at least during the Middle 
Pleistocene (Boëda et al. 2013; Li & Bodin 2013; Peng et al. 2014). The easternmost 
assemblages containing volumetric blade technology have been documented at Khonako in 
Tadjikistan and date back to around 170 ka (Schäfer & Ranov 1998; Schäfer et al. 1998, 2003). 
All of these industries have in common the presence of blades, but differ strongly in the rest of 
their productions (Meignen 1994, 2007). 
In short, during the Middle Pleistocene at least three blade production epicentres differentiated 
in space and time can be observed. As far as we know these spatial, chronological and 
technological differences suggest a convergence phenomenon (Figure 1). 
We will now focus our attention on the European continent, where, as was already noted, the 
earliest evidence of laminar production dates back to MIS 8 and MIS 7 and is found in northern 
Europe. The reduction systems used were either volumetric, such as those of Saint-Valéry-sur-
Somme (Heinzelin & Haesaerts 1983), Bapaume-les Osiers (Koehler 2008) and Therdonne 
(Locht et al. 2010) in France, Rissori (Adam 1991; Adam & Tuffreau 1973) in Belgium, or 
followed a Levallois concept, as noted at the site of Biache-Saint-Vaast in northern France 
(Böeda 1988) (Figure 1). We know these productions continued throughout MIS 7, but there is 
a lack of archaeological evidence for the glacial peak that was MIS 6. Further east, the sites of 
Kabazi, Molodova, and Kolorevo show blade production starting in MIS 7 (Chabai & Sitlivyj 
1994; Chabai et al. 2004).  
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During MIS 5 blade production becomes, once again, abundant in northern Europe as 
exemplified by the French and Belgian sites of Riencourt lès-Bapaume (Ameloot-Van der 
Hejden 1993; Goval & Hérisson 2006), Saint-Germain-des-Vaux (Cliquet 1992; Révillion & 
Cliquet 1994), Seclin (Révillion & Tuffreau 1994), Bettencourt-Saint-Ouen (Loch 2002), 
Blangy-Tronville (Depaepe et al. 1999), and Rocourt (Otte 1994a). 
At the same time, blade production also spread over a wider area including northeast Germany 
(Tönchesberg (Conard 1990) and Wallertheim sites (Conard & Adler 1997)) and central and 
southern France (Angé (Locht et al. 2008), Vinneuf (Gouédo 1994), Baume Flandin (Moncel 
2005; Moncel et al. 2008) and Cantalouette 4 sites (Blaser et al. 2012)) (Figure 1). 
In all of the above sites blades were rarely the predominant tool types, but instead co-existed 
with various other reduction systems (Levallois, Discoid, etc.) as well as with a number of 
shaping systems such as those noted at the sites of Bapaume-les Osiers (Koehler 2008) and 
Vinneuf (Gouédo 1994) in France. In the MTA B industries, the association of blade reduction 
systems with hand axe is also well documented (Soressi 2002, 2005).  
The variability of the blade reduction systems used does not allow for these to be grouped based 
on a common denominator. Knapping can begin with the preparation of a crested blade or by 
exploiting the natural convexity of the raw material. Both unidirectional or bidirectional 
methods are applied for directing the removals. Exploitation can be applied to the narrow 
surface by means of a rotating or semi-rotating rhythm (‘volumetric latu sensu’) or to a 
configured large surface (‘Levallois concept’). 
There is still ongoing debate concerning the origin of these production systems. Some authors 
have suggested that blade production could be an opportunist method leading to the 
optimisation of the use of the raw materials, which may have motivated the production of 
elongated removals (Conard 1990). However, this may not necessarily be the case in areas rich 
in raw materials, where these productions are equally present. Furthermore, the use of different 
raw material geometric structures such as pebbles, nodules, core-flakes or slabs does not appear 
to have been hindered or limited the production of blades. Other authors have suggested a 
relationship between blade production and environmental crises (Otte 1994b). However, the 
duration of the blade phenomenon and the diffusion in areas that differ greatly from one another 
suggest that it is impossible to provide a single explanation for it.  
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Figure 1. (A) Blade production during the Middle Pleistocene. (B, C, D) - Main sites with blade production in Western 
Europe during the Middle and Upper Pleistocene (MIS 8-3). (Adapted blank maps from Free Software Foundation (FSF), 
GNU General Public License). 
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This phenomenon only appeared in southern Europe at a later stage. Blades first appear in the 
south of France in MIS 5, as in the site of Cantaluette 4 (Blaser et al. 2012), but become more 
widespread during MIS 4 and MIS 3 such as in the site of Abris du Maras (Moncel 1996) and 
Champ Grand (Slimak 1999) (Fig 1).  
This final phase of Middle Paleolithic blade production is also comparable to the lithic 
industries observed in central Europe such as the Bohunician (Svoboda & Skrdla 1995; Skrdla 
2003).  
In short, we can observe how the oldest expressions of the laminar phenomenon occurred within 
the northern borders for a long time (MIS 8-6) while the southern regions were still dominated 
by the production of flakes (Figure 1).  
As far as the Italian peninsula is concerned, current studies report the first evidence of blade 
production in the final phases of the Middle Paleolithic, more specifically in MIS 4 and in the 
first part of MIS 3 (Figure 1). The geographic distribution of both non-Levallois and Levallois 
blade production does not appear to be linked to a specific area or environment. In fact, these 
productions can be found all throughout the Italian peninsula. 
Non-Levallois productions were found in the Apulia region at the sites of Santa Croce (Arrighi 
et al. 2009) and Grotta del Cavallo (Carmignani 2010); in Lazio at Grotta Breuil (Grimaldi 
1996); in Molise at Grotta Reali (Arzarello et al. 2004; Peretto 2012); in Veneto at Fumane 
(Peresani 2012); and in Liguria at Grotta di San Francesco (Tavoso 1988) and Madonna 
dell’Arma (Cauche 2007; Cauche & Lebègue 2008). 
At the same time Levallois blade production is well represented both in northern Italy at Riparo 
Mochi (Grimaldi & Santaniello 2014; Yamada 2004) and Barma Grande (Yamada 1997) and 
in the south at Riparo del Poggio (Caramia & Gambassini 2006), Grotta di Castelcivita 
(Gambassini 1997) and Oscurusciuto (Boscato et al. 2011; De Stefani et al. 2012). 
The only exception to this late appearance in the Italian peninsula is the site of Cave dell’Olio 
(Fontana et al. 2009; Fontana et al. 2013). This site is, at the present, the only one dating back 
to MIS 9, representing the only proof of blade production in the Italian Peninsula during the 
Middle Pleistocene.  
While it is now certain that blades were produced during the Middle Paleolithic, the production 
of bladelets, obtained by means of an independent reduction system, is less evident and 
occurred just in the final phases of the Mousterian period. Some bladelets production has been 
noted at the sites of El Castillo and Cueva Morin in northern Spain (Maíllo Fernández 2001; 
Maíllo-Fernández et al. 2004), at Champ Grand (Slimak & Lucas 2005) and Combe Grenal in 
France (Faivre 2012), Fumane (Peresani et al. 2013) and Grotta del Cavallo in Italy 
(Carmignani 2010) and Balver Höhle in Germany (Pastoors & Tafelmaier 2010). 
Some geographic areas, such as the Balkans and Greece, and the Iberian Peninsula, do not seem 
to be influenced by this phenomenon, both during its earliest and more recent phases, 
completing the fragmentary and irregular overview that emerges from the data in our possession.  
Although this absence can be attributed to a lack of research, especially for the Balkan region 
and Greece, this is certainly not the case for the Iberian Peninsula for which there is a much 
larger amount of available data.  
The Riparo Tagliente site, which is presented in this paper, is part of the last phase of the Middle 
Paleolithic blade phenomenon and shows an articulated techno-cultural repertoire consisting of 
mixed flake and blade reduction systems.  
 
2. Materials and methods 
2.1. The site of Riparo Tagliente 
Riparo Tagliente is a rock shelter located in the Veneto region in northern Italy (Figure 2). 
It was first excavated in the 1960s by the Museo Civico di Storia Naturale di Verona (Pasa & 
Mezzena 1964; Zorzi 1962; Zorzi & Mezzena 1963) and subsequently in collaboration with the 
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University of Ferrara (Bartolomei et al. 1982, 1984). The Mousterian collection under 
examination here comes from these excavations. Research at the site is still ongoing currently 
under the direction of Federica Fontana from the University of Ferrara. Sediment, macrofaunal, 
microfaunal and pollen analyses date the Mousterian sequence between MIS 4 and the 
beginning of MIS 3 (Arzarello et al. 2007; Cattani & Renault-Miskovsky 1989; Thun-
Hohenstein & Peretto 2005). The stratigraphy, excavated by artificial layer, is composed of a 
Mousterian sequence and an Epigravettian sequence separated by erosion. The 1960s 
excavation procedures, which paid much attention to sedimentary details, have enabled us to 
determine light patterns of internal evolution of the lithic industry. 
The Mousterian sequences have been found in two different locations known as ‘Internal shelter’ 
and ‘External shelter’ (Figure 3). The Internal shelter comprises 18 layers (52 to 34) and extends 
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2.2 Sorting procedure and methodology 
In Medieval times the shelter has been used as a refuge. These occupations caused a partial 
destruction and reshuffle of the deposits on a quite large area both for the Epigravettian layers 
as well as for the Mousterian’s ones.  
For these reasons a preliminary check of the material and stratigraphy has been focused on 
eliminating the squares and the layers considered not reliable. After the check we have 
considered as being reliable just four squares coming from the Internal shelter (Q 614, 615, 634, 
635) and four squares coming from the External shelter (Q 5, 6, 8, 9) (Figure 3). In the same 
way the layers 34 and 35, have been as well excluded from our analysis because of the presence 
of contamination coming from the Epigravettian layers. After the sampling, our analysis has 
been concentrated on the layers going from 52 to 36 on an area of 9 m2. We have selected all 
flakes (complete or broken) bigger than 15 mm. All cores, core fragments, tools, tool fragments 
and all blades and blade fragments are selected regardless of their size. The distribution of the 
material across the sequence show different concentration of the material that has been possible 
to group in three macro phases called Lower layers, Intermediate layers and Upper layers 
(Figure 3). Five layers show a high density of stone artefacts (more than 200 pieces). Three 




Figure 3. (A) Plan showing the excavation areas (Modified after Bartolomei et al. 1982). (B) Stratigraphic section 
between squares 5/15 and 505/515, and layers 43 to 31 (Modified after Arzarello 2003). (C) Lithic industry 
distributions across the sequence. 
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The lithic products of Riparo Tagliente were analysed using a technological approach. The 
knapping system analysis follows the same principles as those of the chaîne opératoire analysis, 
which is supported by the quantitative presentation of technological categories (Inizan et al. 
1995). The definition suggested by Boëda (1994) was adopted for the Levallois concept. Given 
the absence of the refitting reconstruction of the reduction sequences we used the mental 
refitting method (Pelegrin 1995). The techniques were identified according to experimental 
studies carried out by Pelegrin (1991, 2000). Volumetric and Levallois blade productions were 
distinguished by means of volumetric structure analyses (Boëda 1990). In terms of the Discoid 
production, we used the definition put forward by Boëda (1993, 1991) as well as also taking in 
consideration broader criteria (Peresani 1998; Slimak 2003). Diacritical analyses were applied 





3.1 Lithic technology 
 
Our database contains a total of 2315 débitage removals and 75 cores. The raw material used 
is good quality flint from local sources (< 5km). The flint was collected mainly in secondary 
position in the form of pebbles and to a smaller extent in primary position as roundish nodules 
(Arzarello et al. 2007). Production mainly comprised flakes and to a lesser extent blades (Table 
1).  
Hard hammer direct percussion was the only technique used in all the reduction systems. The 
abundance of cortical flakes proves that the initial stage of knapping activities was carried out 
at the site (Table 1).  
In terms of the knapping products, all the layers show a high degree of homogeneity as shown 
by the large number of Levallois flakes derived from centripetal and unidirectional methods 
(Table 1). Generic unidirectional and centripetal flakes are numerous. Unidirectional flakes, the 
number of which falls in the upper layers, represent the only element of discontinuity across 
the sequence. Blade production is distributed in similar percentages throughout the sequence 
and is composed of both Levallois and non-Levallois blades (Table 1). Production also includes 
convergent, orthogonal, bidirectional and Kombewa flakes that are present in small numbers 
throughout the sequence. The apparent homogeneity observed when analysing the knapping 
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n°	 %	 n°	 %	 n°	 %	
Levallois	centripetal	flakes	 20	 4,3	 90	 8,6	 36	 4,1	
Levallois	unidirectional	flakes	 22	 4,7	 36	 3,4	 16	 1,8	
Levallois	orthogonal	flakes	 0	 -	 1	 0,1	 1	 0,1	
Levallois	convergent	flakes	 1	 0,2	 7	 0,7	 4	 0,5	
Levallois	flakes	with	a	back	 4	 0,9	 15	 1,4	 2	 0,2	
Centripetal	flakes	 51	 10,9	 96	 9,1	 74	 8,5	
Unidirectional	flakes	 48	 10,3	 83	 7,9	 26	 3,0	
Bidirectional	flakes	 4	 0,9	 10	 1,0	 2	 0,2	
Orthogonal	flakes	 0	 -	 11	 1,0	 3	 0,3	
Sub-convergent	flakes	 5	 1,1	 14	 1,3	 5	 0,6	
Convergent	flakes	 3	 0,6	 7	 0,7	 1	 0,1	
Debordant	flakes	(unspecified)	 11	 2,4	 21	 2,0	 7	 0,8	
Debordant	flakes	(centripetal)	 4	 0,9	 16	 1,5	 7	 0,8	
Debordant	flakes	(unidirectional)	 4	 0,9	 7	 0,7	 0	 -	
Debordant	flakes	(bidirectional)	 0	 -	 7	 0,7	 0	 -	
Pseudolevallois	points	 0	 -	 2	 0,2	 4	 0,5	
Kombewa	1°generation	 9	 1,9	 17	 1,6	 5	 0,6	
Kombewa	2°generation	 5	 1,1	 14	 1,3	 5	 0,6	
Levallois	blades	 3	 0,6	 18	 1,7	 7	 0,8	
Non	Levallois	blades	 28	 6,0	 56	 5,3	 48	 5,5	
Crested	blade	 1	 0,2	 0	 -	 0	 -	
Cortical	flakes	 79	 16,9	 186	 17,7	 180	 20,7	
Striking	platform	flakes	 11	 2,4	 5	 0,5	 6	 0,7	
Unspecified	flakes	 57	 12,2	 123	 11,7	 170	 19,5	
Undetermined	fragments>15mm	 73	 15,6	 165	 15,7	 256	 29,4	
Cores	 25	 5,3	 45	 4,3	 5	 0,6	
Total	 468	 100	 1052	 100	 870	 100	
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3.1.1 Lower layer reduction systems 
The Lower layers contain 468 lithic pieces of which 25 are cores. As is the case with the end 
product, the cores indicate that the Levallois is the main reduction system, which is 
predominantly expressed in the centripetal method and secondarily in the unidirectional method 
(Figure 4). The purpose of using the Levallois unidirectional system was to produce mostly 
flakes. Few blades are associated with this system.  
The second most adopted system is based on the exploitation of cortical thick flakes by means 
of the Kombewa system (Table 2). The exploitation can be limited to a singular detachment or 
to a short sequence of detachments (Figure 6). The preparation of the cores is limited to a partial 
correction of the lateral convexities of the flaking surface.  
 
 








t52	 t50	 t49	 t48	 Total	 t46	 t44	 t42	 t40	 Total	 t36	(Total)	
Levallois	centripetal	 -	 3	 3	 -	 6	 -	 -	 16	 -	 16	 3	
Levallois	unidirectional	 -	 1	 -	 1	 2	 -	 -	 3	 -	 3	 -	
Levallois	bidirectional	 -	 -	 -	 -	 -	 -	 -	 1	 1	 2	 -	
Levallois	preferential	 -	 -	 -	 -	 -	 -	 1	 5	 -	 6	 1	
Levallois	initialized	 -	 -	 -	 -	 -	 -	 -	 3	 -	 3	 -	
Discoid	 1	 1	 -	 -	 2	 1	 -	 1	 -	 2	 -	
SSDA	 -	 1	 2	 -	 3	 1	 -	 2	 -	 3	 -	
Kombewa	(single	removal)	 -	 1	 3	 -	 4	 -	 -	 -	 -	 -	 -	
Kombewa	(multiple	removal)	 -	 2	 1	 -	 3	 -	 -	 -	 -	 -	 -	
Semi	pyramidal	 -	 -	 2	 -	 2	 -	 -	 -	 -	 -	 -	
Unidirectional	Type	1	 -	 1	 1	 -	 2	 -	 -	 -	 -	 -	 -	
Unidirectional	Type	2		 -	 -	 -	 -	 -	 1	 -	 6	 1	 8	 1	
Bidirectional		 1	 -	 -	 -	 1	 -	 -	 2	 -	 2	 -	




Two cores show a unidirectional reduction system composed of two different exploitation yet 
interconnected phases, which we termed Unidirectional Type 1 (Figure 5). The first phase 
exploits the larger surface of the volume through a short unidirectional sequence and has two 
complementary functions: to produce quadrangular, slightly elongated flakes and to reduce the 
thickness of the adjacent surface, which will be exploited by a second unidirectional sequence 
(second phase). The exploitation of the thinner side of the volume, already reduced in thickness 
during the first sequence, allows for the production of small blades (Figure 5). The 
configuration of cores is limited to a partial preparation of the lateral convexities carried out by 
means of a series of orthogonally-oriented detachments with regard to the main flaking 
direction. An isolated core shows a bidirectional exploitation starting from two opposite striking 
platforms. The variability of the production systems in this unit is also composed of two Discoid 
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cores and two sub-pyramidal cores. The sub-pyramidal cores are aimed at producing thick 
convergent flakes (Figure 6). Four cores follow a reduction system based on the exploitation of 
orthogonal alternated surfaces that can be associated with a SSDA system (Forestier 1993) or 




Figure 4. Riparo Tagliente. Lithic industries from the Lower Layers. (1) Levallois unidirectional core; (2) Levallois 
centripetal core; (3) Levallois unidirectional flake; (4) Levallois centripetal flake. 
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Figure 5. Riparo Tagliente. Lithic industries from the Lower Layers. Unidirectional system Type 1 cores. 
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Figure 6. Riparo Tagliente. Lithic industries from the Lower Layers. (1, 2) Kombewa cores; (3) Half-pyramidal 
core; (4) Convergent flake; (5) Discoid core. 
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3.1.1 Intermediate layers reduction systems 
The Intermediate layers of Riparo Tagliente show some elements of continuity with the Lower 
layers such as the persistence of the Discoid and SSDA systems. The centripetal Levallois 
continues to be the predominant reduction system, however, the plasticity of the Levallois 
concept finds greater variability here than it does in the Lower layers.  
 
 
Figure 7. Riparo Tagliente. Lithic industries from the Intermediate Layers. (1) Levallois bidirectional core; (2) 
Levallois preferential core; (3, 4) Unidirectional system type 2 cores. 
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The centripetal and unidirectional methods are supported by a bidirectional exploitation while 
the use of the preferential method, totally absent in the Lower layers, is well represented here 
(Figure 7).  
No Kombewa cores were noted in the Intermediate layers. The presence of Kombewa flakes in 
these layers could indicate the export of the cores outside the site or they could derive from 
other flaking operations such as the configuration of a Levallois surface based on the 
exploitation of the ventral face of a flake. The absence of pyramidal and unidirectional system 
type 1 methods is a further element of divergence compared to the Lower layers.  
In the Intermediate layers the most common production system consists of a unidirectional 
system which tends to develop around the edge of the core following a semi-rotating rhythm 
(Unidirectional core type 2) (Figure 7). There is no or minimal flaking surface preparation. The 
maintenance of the core convexities is evident in some debordant blades and plunging laminar 
blanks. The end products consist of elongated thick blanks.  
 
3.1.1 Upper layer reduction systems 
The lack of cores roughly sums up the reduction systems in the Upper layers. However, based 
on the end products, we can see a certain continuity with the Intermediate and Lower layers 
represented by a large number of Levallois flakes. As for the Intermediate layers, the Levallois 
concept shows great variability expressed in the convergent, unidirectional and bidirectional 
methods (Figure 8). The unidirectional semi-rotating system (Unidirectional Type 2) is only 
observed in one core.  
 
 
Figure 8. Riparo Tagliente. Lithic industries from the Upper Layers. (1) Levallois centripetal flake; (2) Levallois 
unidirectional flake; (3) Levallois convergent flake; (4) Levallois preferential core. 
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3.2 Retouched pieces 
Three different categories were established in order to study the retouched pieces. Each of these 
categories corresponds to the number of transformation degrees undergone by the blanks: low, 
medium and high degrees (Figure 9). 
The low degree describes a marginal retouch of the perimeter of the piece, which does not 
modify the cutting edge nor the morphology of the pieces in any way. The medium degree 
consists of a retouch that modifies the morphology of the cutting edges, but not the structure of 
the piece. 
The high degree refers to the structural modification of the blanks, which completely or partially 
transforms their original morphology. 
Transformation through retouching can be noted in all layers. The Lower layers show the 
highest percentage of transformation while the lowest percentages are observed in the 
Intermediate and Upper layers (Table 3).  
The retouching phase shows different degrees of transformation in terms of the débitage classes. 
Besides a few rare exceptions, high levels of transformation are mainly observed in the cortical 
and generic flakes found in all three layer groups (Table 4). On the other hand, Levallois flakes 
only show slight modifications just like in the blade production (Figure 9). 
 
 
Table 3. Riparo Tagliente. Frequencies of retouched and unretouched pieces. 
LEVELS	
Lower	layers	 Intermediate	layers	 Upper	layers	
n°	 %	 n°	 %	 n°	 %	
Unretouched	 293	 79,2	 706	 83,8	 513	 86,1	
Retouched	 77	 20,8	 136	 16,2	 83	 13,9	
Total	 370	 100	 842	 100	 596	 100	
 
 




Unret.	 Low.	 Med.	 High	 Unret.	 Low.	 Med.	 High.	 Unret.	 Low.	 Med.	 High.	
Levallois	flakes	 28	 17	 2	 0	 122	 18	 9	 0	 52	 4	 3	 0	
Centripetal	flakes	 34	 2	 12	 3	 86	 9	 1	 0	 66	 4	 2	 2	
Unidirectional	flakes	 35	 6	 7	 0	 65	 8	 7	 3	 22	 1	 2	 1	
Bidirectional	flakes	 3	 1	 0	 0	 8	 1	 1	 0	 2	 0	 0	 0	
Orthogonal	flakes	 0	 0	 0	 0	 9	 1	 1	 0	 3	 0	 0	 0	
Sub-convergent	flakes	 5	 0	 0	 0	 11	 3	 0	 0	 3	 1	 0	 1	
Convergent	flakes	 3	 0	 0	 0	 6	 0	 0	 1	 1	 0	 0	 0	
Debordant	flakes	 19	 0	 0	 0	 44	 3	 1	 3	 0	 0	 0	 1	
Pseudo-levallois	 0	 0	 0	 0	 1	 1	 0	 0	 3	 0	 1	 0	
Kombewa	 14	 0	 0	 0	 29	 2	 0	 0	 9	 1	 0	 0	
Levallois	blades	 1	 1	 1	 0	 13	 2	 3	 0	 6	 1	 0	 0	
Non	Levallois	blades	 25	 0	 3	 0	 43	 10	 3	 0	 43	 3	 2	 0	
Crested	blades	 1	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Striking	platform	flakes	 11	 0	 0	 0	 5	 0	 0	 0	 6	 0	 0	 0	
Cortical	flakes	 69	 1	 6	 3	 158	 9	 10	 9	 146	 7	 11	 16	
Unspecific	flakes	 45	 2	 5	 5	 106	 4	 7	 6	 151	 4	 3	 12	
Total	 293	 30	 36	 11	 706	 71	 43	 22	 513	 26	 24	 33	
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Figure 9. Riparo Tagliente retouched pieces. (1, 5) Scrapers on cortical flakes; (4,7) Convergent scrapers on 
undefined flakes; (2, 3) Levallois retouched flakes; (6, 8, 9) Unidirectional retouched flakes. (Drawings 1-3 and 
4,5,7,8 modified after Arzarello 2003). 
 
3.3 Blade tools across the sequence 
Blade production is similar throughout the sequence with a slight increase in percentages in the 
Upper layers (Table 5). The blades can be described as being well preserved. Proximal 
fragments are the most numerous (Table 6).  
Within the sequence different production systems can produce elongated blanks, both deriving 
from the unidirectional and bidirectional Levallois systems as well as from unidirectional non-
Levallois systems (Unidirectional Type 1 and 2). Therefore the main aim of the study was to 
verify whether this variability was due to a predetermined intention to produce differentiated 
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tools by using different reduction systems or whether this was only the result of opportunistic 
behaviour.  
By observing the morphological characteristics of the blades and those of experimental 
representatives it was possible to distinguish two main blades categories: Levallois blades and 
non-Levallois blades. The blade fragments which could not be attributed to a specific category 
and blades with mixed characteristics that could have pertained to any category were placed in 
a third category termed ‘undefined blades’. 
Table 5. Riparo Tagliente - Frequencies of blades and flakes. 




n°	 %	 n°	 %	 n°	 %	
Flakes	 337	 91,6	 768	 91,2	 541	 90,8	
Blades	 31	 8,4	 74	 8,8	 55	 9,2	
Total	 368	 100	 842	 100	 596	 100	
Table 6. Riparo Tagliente. Blade classes and distinction between 














Whole	 14	 17	 18	 49	
Apex	absent	 0	 1	 0	 1	
Platform	absent	 0	 1	 1	 2	
Distal	fragment	 2	 1	 9	 12	
Mesial	fragment	 0	 4	 2	 6	
Proximal	fragment	 6	 8	 3	 17	










Whole	 5	 16	 5	 26	
Apex	absent	 0	 1	 1	 2	
Platform	absent	 1	 1	 0	 2	
Distal	fragment	 0	 1	 1	 2	
Mesial	fragment	 0	 0	 1	 1	
Proximal	fragment	 0	 5	 7	 12	









Whole	 2	 13	 3	 18	
Apex	absent	 1	 2	 0	 3	
Platform	absent	 0	 0	 1	 1	
Distal	fragment	 0	 1	 1	 2	
Mesial	fragment	 0	 0	 0	 0	
Proximal	fragment	 0	 2	 2	 4	
Partial	total	 3	 18	 7	 28	
Total	 31	 74	 55	 160	
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The parameters taken into consideration when defining these categories were: types of platform, 
knapping surface angles, cutting edge angles, transversal cross-section, longitudinal profile, 
length-width ratio and width-thickness ratio. 
Most of the blades fell in the ‘undefined blade’ category (Table 6). Levallois blades and non-
Levallois blades are found in all layers in similar frequencies. From a morphometric point of 
view there is certain overlapping between the non-Levallois and Levallois productions in as far 
as the length-width ratio is concerned (Figure 10).  
Figure 10. Riparo Tagliente. Levallois and Non-Levallois blade length-width ratios. 
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Conversely a significant difference is evident in their width-thickness ratios (Figure 11). This 
difference is also noticeable when we compare the angle of the cutting edges. In the Levallois 
blades the opening of the angles are concentrated between 10° and 35°, while the non-Levallois 




Figure 12. Riparo Tagliente. Cutting edge angle degrees of Levallois and Non-Levallois blades.  
 
Both for the Levallois and non-Levallois productions, six techno-functional categories were 
observed, all based on the morphological structure and the organization of the cutting and non-
cutting edges (Figure 13). Only completely intact blades were analysed; minimally fractured 
pieces were also excluded.  
In general, we can observe how blade production at Riparo Tagliente focused on the production 
of objects with differentiated techno-functional characteristics rather than the making of a 
mono-tool (Figure 14). 
By comparing the classes of blade we can see how blades with a peripheral cutting edge (S1 
Type) are attributed mainly to Levallois blades. On the contrary, debordant blades (S3, S4 type) 
are more frequent among the Non-Levallois blades. Convergent blades (P1 type, P2 type) are 
rare in both categories. The undefined blade category does not show any specific tendency 
except for the scarce presence of convergent blades, as was the case in the Levallois and non-
Levallois blades.  
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P1	type	(convergent	edges)	 1	 -	 3	
P2	type	(parallel	edges)	 -	 3	 2	
S1	pheriferal	cutting	edge	 3	 4	 6	
S2	parallel	cutting	edge	 6	 5	 2	
S3	single	cutting	edge	 3	 3	 3	
S4	orthogonal	cutting	edge	 1	 2	 2	










P1	type	(convergent	edges)	 1	 -	 -	
P2	type	(parallel	edges)	 1	 2	 2	
S1	pheriferal	cutting	edge	 -	 3	 -	
S2	parallel	cutting	edge	 -	 5	 1	
S3	single	cutting	edge	 -	 2	 -	
S4	orthogonal	cutting	edge	 3	 4	 2	









P1	type	(convergent	edges)	 -	 -	 1	
P2	type	(parallel	edges)	 -	 3	 -	
S1	pheriferal	cutting	edge	 1	 7	 2	
S2	parallel	cutting	edge	 1	 -	 -	
S3	single	cutting	edge	 -	 3	 -	
S4	orthogonal	cutting	edge	 -	 -	 -	
Partial	total	 2	 13	 3	
Total	 21	 43	 27	
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Figure 14. Blade production at Riparo Tagliente. (1) 'S1 type’ Levallois blade from the Lower layers; (2) 'S2 type’ 
Levallois blade from the Intermediate layers; (3) 'S1 type’ Levallois elongated flake from the Upper layers; (4) 'S4 
type’ non-Levallois blade from the Lower layers; (5) 'S3 type’ non-Levallois blade from the Intermediate layers; (6, 
7) ‘S1 type’ non-Levallois blades from the Upper layers; (8) ‘P1 and P2 type’ non-Levallois blades from the Upper 
layers. 
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4 Discussion and conclusion 
Despite the apparent substantial homogeneity of the Riparo Tagliente sequence, some 
differences can be observed in the reduction systems used. The main characteristics, common 
to the whole sequence, are the use of the Levallois concept and the production of elongated 
blanks. Other common features such as the presence, even though sporadic, of the Discoid and 
SSDA systems are shared by the Lower and Intermediate layers. This homogeneity, which is 
evident in the end-products, masks the presence of some differences, these mainly visible in the 
cores. 
The greatest variability in the reduction systems used can be observed in the Lower layers 
(Figure15). In the Intermediate and Upper layers, the fall in the number of reduction systems is 
replaced by an increase of the variability of the Levallois concept, which is expressed by means 
of the centripetal method as well as the convergent, bidirectional and preferential methods 




                        Figure 15. Riparo Tagliente. Frequencies of the reduction systems.  
 
The retouched pieces only reveal minimal modifications of the cutting edges without altering 
the morphology of the flake nor the blade. Cortical flakes are the most affected and in this case 
underwent significant modification, while the products deriving from the main débitage phases 
were seldom retouched. This can be linked to the anticipation of the variability of the end 
products for flakes as well as blades already preconceived in the production systems. This 
aspect emphasizes the substantial difference with the more standardized blade productions of 
the Upper Paleolithic where differentiation of tools is usually mostly achieved during the 
retouching phase. Based on our data, at Riparo Tagliente, Levallois and non-Levallois reduction 
systems coexisted producing elongated blanks, different in their morphological and 
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technological characteristics as a direct result of the different reduction systems used to obtain 
them. Both reduction systems are aimed at producing blades and flakes rather than blades in a 
systematic way. This differentiation in production can be observed in the Levallois 
unidirectional and bidirectional end products as well as in the unidirectional Type 1 reduction 
system. By observing the Riparo Tagliente sequence within the context of the Italian peninsula 
it is therefore possible to make a number of general observations (Figure 16). 
 
 
Figure 16. Reduction systems in the main Middle Paleolithic sites from MIS 5 to MIS 3 in the Italian 
peninsula. (1) Grotta del Broion (Peresani & Porraz 2004); (2) Grotta San Bernardino (Peresani 1995, 1996); (3) 
Riparo Mochi (Grimaldi & Santaniello 2014; Yamada 2004); (4) Barma Grande (Yamada 1997);  (5) Riparo 
Tagliente (Arzarello & Peretto 2004, 2005); (6) Grotta Ghiacciaia (Bertola et al. 1999); (7) Fumane (Peresani 
2012); (8) Grotta La Fabbrica (Dini et al. 2007); (9) Grotta del Capriolo (Dini & Koehler 2009); (10) Buca della 
Iena (Dini & Koehler 2009); (11) Grotta Breuil (Lemorini 2000; Grimaldi 1996); (12) Riparo del Poggio (Caramia 
& Gambassini 2006); (13) Grotta Reali (Peretto 2012); (14) Grotta di Castelcivita (Gambassini 1997); (15) Santa 
Croce (Arrighi et al. 2009); (16) Riparo Oscurusciuto (Boscato et al. 2011); (17) Grotta del Cavallo (Carmignani 
2010; Sarti et al. in press). 
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The first observation is that the blade phenomenon in the Italian peninsula appeared at some 
point between MIS 4 and the beginning of MIS 3 and therefore later than in the south of France 
where blade production is first recorded as early as MIS 5 (Figure 16). The data from Riparo 
Tagliente fit will within this framework. 
The second observation is that, as far as we know, there is no trace of local nor internal evolution. 
In fact, blade production seems to appear 'simultaneously' from north to south in the Italian 
peninsula and is always associated to other types of reduction systems of which the Levallois 
is the most common. (Figure 16).  
As already noted for the rest of Europe, the production of blades did not entail a particular raw 
material preference. Blades were made from all types of raw materials (flint, chert, limestone, 
quartzite) and their different forms (pebbles, nodules, slabs, core flakes). Various reduction 
systems were used in the production of blades. Blades can be produced exclusively by means 
of a Levallois concept, as in the cases of Grotta di Castelcivita (Gambassini 1997), Riparo del 
Poggio (Caramia & Gambassini 2006), Barma Grande (Yamada 1997), and Riparo Mochi 
(Grimaldi & Santaniello 2014; Yamada 2004), or by ‘volumetric’ reduction systems, as is the 
case at the sites of Santa Croce (Arrighi et al. 2009), Grotta Reali (Arzarello et al. 2004; Peretto 
2012), and Grotta del Cavallo (Carmignani 2010). Occasionally the two systems were used 
together as has been noted at Riparo dell’Oscurusciuto (Villa et al. 2009) and Riparo Tagliente 
(Arzarello & Peretto 2004, 2005). 
In short we can observe how during the MIS 4 and MIS 3 there is widespread production of 
blades produced by means of original knapping systems or as in the case of the Levallois by a 
readjustment of this concept oriented towards the production of elongated products.  
Given the current state of knowledge there is still much to be learnt concerning the causes of 
this technological change.  
Middle Paleolithic blade productions cannot be considered as monolithic entities. 
This ‘non universal’ phenomenon contrasts with other types of production systems such as the 
Levallois or the Discoid system, with which it coexisted and which contrastingly show a greater 
geographic diffusion and chronological continuity. 
Understanding the role of blade production during Middle Paleolithic requires a systematic 
approach, which takes into account both the techno-functional aims and the evolution of the 
reduction systems.  
Further research should be carried out on the following two issues: 
- Concerning the appearance of blade production, are the diachronic differences noted
between northern and southern Europe another case of a convergence phenomenon?
- Can we trace the origins of the Italian peninsula blade phenomenon in the oldest
evidence found in southern France?
In order to provide answers to both these questions micro and macro regional comparisons of 
the various blade productions are urgently required in order to understand the blade 
phenomenon in both its wider and more local geographical context.  
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Evidence of the presence of blade tool technology has been confirmed in northern Europe from 
at least the latter part of the Middle Pleistocene (MIS 7-6). During MIS 5 these productions 
cover a larger area, which includes northwestern Germany, central France, and occasionally the 
south of France. It is only during MIS 4-3 that the blade production strategy begins to appear 
in southern Europe, including the Italian peninsula. Based on the present state of research these 
three phases appear as on-and-off events without clear evolutionary continuity. The FIIIe and 
FIIId levels of Grotta del Cavallo in Lecce (Italy) have yielded abundant lithic material 
predominated by two main reduction systems: the first originating from a Levallois concept by 
centripetal, unidirectional and bidirectional methods, and the second stemming from a blade 
volumetric reduction system. The presence of separate reduction systems aimed at obtaining 
bladelets complete the technological variability highlighted.     
 






In the European continent the oldest evidence of blade production is found in northern Europe 
within MIS 8/7. These productions are obtained by using primarily two reduction systems: a 
volumetric concept, such as that noted at the sites of Saint-Valery-sur-Sommes (Heinzelin & 
Haesaerts 1983), Bapaume-les Osiers (Koehler 2008), Therdonne (Loch et al. 2010) in France, 
and Rissori in Belgium (Adam 1991), and by a Levallois concept such as that observed at the 
site of Biache-Saint-Vaast in France (Böeda 1988). In the sites mentioned blade production is 
rarely the predominant kind; on the contrary, it is systematically associated with other 
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production systems, among which the most frequent is the Levallois concept aimed to produce 
mainly flakes.  
In MIS 5, following their prolonged disappearance, coinciding with the MIS 6 glaciation peak, 
these productions returned, occupying a wider area that now included north-west Germany with 
the sites of Tonchesberg (Conard 1990), Rheindhalen (Bosinsky 1986) and Wallertheim 
(Conard & Adler 1997), and central France, with the sites of Angé (Locht et al. 2008) and 
Vinneuf (Gouédo 1994). These productions are also found, albeit sporadically, in the south of 
France in sites such as that of Cantaluette 4 (Blaser at al. 2012). 
At the same time in northern France and Belgium we see a return of blade productions at many 
sites: Riencourt-lès-Bapaume (Ameloot & Hejden 1993), Saint-Germain-des-Vaux (Révillion 
&  Cliquet 1994), Seclin (Révillion & Tuffreau 1994), Bettencourt-Saint-Ouen (Locht 2002), 
Blangy–Tronville (Depaepe et al. 1999), and Etouteville in France (Delagnes & Ropars 1996), 
and Rocourt in Belgium (Otte1994a).  
At all these sites we detect great variability in blade reduction systems, which prevents us from 
grouping them under a common denomination. The initial stages of the productions observed 
at the above industries entailed the preparation of a crested blade even if it is more common for 
the raw material’s natural morphology to be exploited. Unidirectional or bidirectional methods 
can be applied to guide the removals. During the exploitation process the knapping can follow 
a tournant or semi-tournant rhythm. The raw materials used can be pebbles, roundish nodules, 
slabs or flake-cores. In the same way, even if flint is the most common raw material noted, 
other lithotypes such as quartzarenites, limestones and jaspers were also used.   
The debate on the emergence of these productions, which at present is thought to have taken 
place during the Middle Pleistocene, is still ongoing. Some authors have suggested that, in some 
specific cases, blade production could have been an opportunistic method leading to the use 
optimisation of the raw materials, which may have motivated the production of elongated 
removals instead of flakes (Conard 1990). This, however, may have not been the case in areas 
rich in raw materials, where the presence of these productions has also been noted. Other 
authors have suggested a relationship between blade production and environmental crises (Otte 
1994b). The duration of the blade phenomenon and its diffusion to areas that differ greatly from 
one another suggests that single explanations to the origin and the spread of this phenomenon 
need to be treated with caution. 
Unlike in northern Europe, the appearance of laminar productions in the south of France and 
the Italian Peninsula shows some delay. Even if in the south of France blades appear for the 
first time in MIS 5, such as at Cantalouette IV (Blaser et al. 2012), they become more visible 
during MIS 4 -3 such as at the sites of Abris Du Maras (Moncel 1996), Baume Flandin (Moncel 
2005) and Champ Grand (Slimak 1999). 
While it is now certain that blades were produced during the Middle Paleolithic, the production 
of bladelets, obtained by means of an independent reduction system, was much less common 
and occurred just during the final phases of the Mousterian period. In Europe some bladelet 
production has been noted at the sites of El Castillo and Cueva Morin in Spain (Maíllo-
Fernández et al. 2004), at Champ Grand (Slimak & Lucas 2005) and Combe Grenal in France 
(Faivre 2012), at Fumane and at Grotta del Cavallo in Italy (Peresani 2011, Carmignani 2010), 
and at Balver Höhle in Germany (Pastoors & Tafelmaier 2010). 
Recently, the presence of a bladelet production noted at the site of Riparo del Molare in Italy 
would date back its first presence to MIS 5 (Aureli and Ronchitelli in press).  
The presence of laminar productions in the Italian peninsula has not been clearly confirmed 
prior to MIS 4. The chronologies of the sites where the use of blade technology has been noted 
are in fact concentrated around the final phases of the Middle Paleolithic and, in particular, the 
first part of MIS 33. 
                                                
3 The only exception to this is the site of Cave dell’Olio dated to MIS 9 (Fontana, Peretto 2009). 
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In terms of their geographic distribution, blade production do not seem to be linked to a specific 
area or a specific environment. In Italy blade productions have been found in the south at the 
site of Santa Croce and at Grotta del Cavallo (Boscato et al. 2011, Carmignani 2010), in the 
center at Grotta Breuil (Grimaldi 1996), Grotta Reali (Peretto C. Ed. 2012, Arzarello et al. 2004), 
or again in the north at Riparo Tagliente (Arzarello & Peretto 2005, 2004), Fumane (Peresani 
2011), Grotta di San Francesco and Madonna dell’Arma (Tavoso 1988, Cauche 2007)4. 
Generally speaking, towards the end of the Mousterian in the Italian peninsula there seems to 
be greater differentiation in the production systems, among these blade production is one of the 
most evident expressions. The origin to this differentiation is can be traced back to the wider 
issue concerning the key role the blade plays in relation to its morpho-functional peculiarity 




2.  The site 
 
Grotta del Cavallo in the south of Italy is a coastal cave by the Ionian Sea located approximately 
10 meters b.s.l. The site contains one of the most important Middle Paleolithic archaeological 
sequences of the Italian peninsula.  
The cave was first studied by Arturo Palma di Cesnola in 1961, who carried out the first test pit 
which was followed, two years later, by the first excavation campaign (Palma di Cesnola 1963). 
In the years that followed other excavation campaigns were carried out, these highlighting the 
long Middle and Upper Paleolithic sequences present at the site (Palma di Cesnola 1964, 1965, 
1967).  
At the end of the 1970s new works had to take place at the site as in the interim illegal 
excavations had been carried out, thus disturbing the site. It was at this time that the University 
of Siena, in collaboration with the Soprintendenza ai Beni Archeologici della Puglia, closed the 
cave. Starting in 1986 L. Sarti re-opened the excavations and a larger surface (12 sq. m) was 
excavated. Although the sequence proposed by Palma di Cesnola was confirmed by the new 
excavations, these also allowed for the stratigraphy to be described in greater detail and the 
gathering of a greater amount of data (Sarti et al in press; Trenti et al in press).  
Layer FIII, the subject of the present study, was, during its excavation, divided into five sub-
levels (FIIIa, FIIIb, FIIIc, FIIId, FIIIe) based on the different concentrations of anthropic 
evidence.  
The laminar production comes from sub-levels FIIIe and FIIId, which rest on a thick layer of 
tephra (Fig.1). At the top of level FIII, levels FII-FI mark the end of the Mousterian sequence 
(Sarti, Boscato, Lo Monaco 1998- 2000). 
 
 
                                                
4 The chronology at the site of San Francesco remains uncertain. 
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3. Methods  
 
The lithic products from Grotta del Cavallo were analysed using a châine opératoire approach 
following Pelegrin (1991), and supported by the quantitative presentation of technological 
categories (Inizan et al. 1995). The identification of the Levallois concept follows the guidelines 
set out by E. Boëda (1994). In terms of the Discoid production, we used the definition put 
forward by E. Boëda (1993, 1991), also taking into consideration broader criteria (Peresani 
1998, Slimak 2003). Given the absence of the refitting reconstruction of the reduction 
sequences we used the mental refitting method proposed by Pelegrin (1995). The techniques 
were identified according to the experimental studies carried out by Pelegrin (1991, 2000). 
Volumetric and Levallois blade productions were distinguished by means of the volumetric 
structure analyses (Boëda 1988, 1990, 1991). Diacritical analysis was applied to cores and 
blanks in order to reconstruct the chronological order of the scars (Dauvois 1973).  
Deeply patinated pieces on which the correct reading of the scars was not possible, and pieces 
with disorganized scars, the positioning of which did not allow us to reliably associate them to 
a specific reduction sequence were classified as generic flakes. 
 
 
4. Reduction systems of level F of Grotta del Cavallo 
 
4.1 Main technological patterns 
 
Sub-levels FIIIe and FIIId produced a large amount of lithic industries mostly concentrated 
in the FIIIe sub-level (11192 pieces), with smaller numbers found in sub-level FIIId (1151 
pieces). A large number of pieces are made out of undetermined fragments and generic flakes 
which cannot be linked to a specific reduction system. Leaving out the undetermined pieces, 
the diagnostic material amounts to 4908 pieces in FIIIe and 558 in FIIId (Table 1). The 
production in both the sub-levels is associated to three main reduction systems: a blade and 
bladelet volumetric systems, and a Levallois system. The Levallois system is present with the 
centripetal, unidirectional, bidirectional and convergent methods. Sub-layers FIIIc and FIIIb, 
although they had less pieces, they seem to show the same kinds of productions as do FIIIe and 
FIIId. The Mousterian sequence ends with levels FII-FI highlighting a clear techno-typological 
break compared to level FIII. In fact, FI-FII levels show the disappearance of blade production 
and the Levallois concept, which, in turn, are replaced by a Discoid system (Fig. 2). This break, 
which is visible in the reduction systems, is also accompanied by a different management 
strategy of the raw material (Romagnoli et al. 2016).  
The lithic industry contains a large amount of retouched tools, which will not be discussed 
in detail in the present study. In general, the retouched pieces in FIIIe and FIIId mainly comprise 
Mousterian points and scrapers, while in levels FII and FI the presence of denticulated pieces 
is marked, followed by that of splintered pieces. The latter, it should be noted, are completely 
absent in the lower levels (Sarti et al. in press). 
 
 
                         Table 1. Determined and undetermined pieces. 
LEVELS Level FIIIe Level FIIId n. % n. % 
Generic flake >20 mm. 619 5,5 64 5,6 
Generic flake <20 mm. 1325 11,8 119 10,3 
Undetermined fragments >20 mm. 1429 12,8 94 8,2 
Undetermined fragments <20 mm. 2911 26,0 316 27,5 
Determined pieces 4908 43,9 558 48,5 
Total 11192 100 1151 100 
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Figure 2. Flake production. (1-12) Discoid production from levels FI–FII, (13-16) Levallois production from the 
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4.2 Blade and bladelet production systems in sub-levels FIIIe and FIIId 
 
The blade production found in sub-levels FIIIe and FIIId comprises 783 pieces in the case of 
the former and 64 pieces in the latter (Table 2). Ten cores associated to this production were 
found in level FIIIe whereas only two were recovered from FIIId. A large part of the blades are 
fragmented. Complete blades from level FIIIe amount to 254 pieces (32.4%) while 42 (65.5%) 
were found in FIIId (Table 3). Except for rare blades, which are over 7cm in length, the majority 
of the pieces indicate a small or medium-sized production (Fig. 3) (Carmignani 2010).  
The raw materials used are limestone slabs collected locally a few hundred meters from the 
cave (Sarti et al. in press). The reconstruction of the chaîne opératoire suggests that all stages 
of the production were carried out at the site (Table 4). The technique employed during the 
whole production stages was direct percussion with hard hammer. 
 
 
Figure 3. Large retouched blade from level FIIIe.  
 
Table 2. Flake and blade production quantification. 
 
Table 3. Integrity of blade production. 
LEVELS 
Level FIIIe Level FIIId 
n° % n° % 
Complete blades 254 32,9 42 67,7 
Distal fragments 96 12,4 2 3,2 
Mesial fragments 104 13,5 8 12,9 
Proximal fragments 140 18,1 9 14,5 
Apex broken 90 11,6 1 1,6 
Base broken 86 11,1 0 0,0 
Siret fracture 3 0,4 0 0,0 
Total 773 100 62 100 
LEVELS Level FIIIe Level FIIId 
n. % n. % 
Blade production 783 16,0 64 11,5 
Flake production 4125 84,0 494 88,5 
Total 4908 100 558 100 
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Table 4. Blade production techno-types and cores. Excludes undetermined broken blades.   
LEVELS Level  FIIIe Level FIIId n. % n. % 
Blades with cortex >50 % 57 9,7 2 3,8 
Blades with cortex<50 % 92 15,6 10 18,9 
Blades “en tranche” 9 1,5 0 0,0 
Unilateral crested blades 14 2,4 0 0,0 
Bilateral crested blades 12 2,0 2 3,8 
Debordant blades 85 14,4 8 15,1 
Blades 277 47,0 28 52,8 
Rejuvenation blades 33 5,6 1 1,9 
Cores 10 1,7 2 3,8 
Total 589 100 53 100 
 
The collected raw materials have a natural prismatic or sub-prismatic morphology that is suited 
to the direct knapping of blades without the need for a particular preparation of the core. When 
the configuration of the cores is present it does not show any standardization, but instead a wide 
range of technical solutions is used to correct the eventual imperfections of the block.   
The presence of many cortical platforms indicates a direct extraction of removals using a natural 
striking platform. Preparation of the striking platform takes place just at the point when the 
natural angle does not fulfil the technical requirements.  
In the majority of the cases the initial knapping phase is based on the direct extraction of a 
cortical blade that exploits the dihedral angle naturally present on the slabs (Fig. 4 no. 6).  
 
 
Figure 4. Initial production stage. (1) Core “sur tranche”, (2) blank 
with quadrangular cross section, (3, 4) crested blades with two 
prepared versants, (5, 6) cortical blades (drawn by C. Tessaro; 
models by C. Carmignani). 
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A second option, very rare, consists in the preparation of a crested blade, which is used as a 
guide in the first detachment (Fig. 4 nos 3, 4).  
Another method, used to initiate the slab exploitation process, is to remove a tranche creating 
two new dihedrals (Fig. 4 nos 1, 2). This technical solution is also employed to correct eventual 
accidents occurring during the débitage stage, making it possible to continue the exploitation. 
The maintenance of the lateral convexities of the flaking surface is carried out through the 
extraction of débordant blades (pre-determinate/pre-determinant) which guide the exploitation 
following a semi-tournant rhythm. In rare cases the creation of a second striking platform 
opposite the main one is carried out in order to manage the distal convexity. The production 
system illustrated allows to the obtention of two techno-types of blade: blades with symmetrical 




Figure 5. Main production stage.  (1) core, (2, 3) blade with symmetrical cross section 
(4) blade with asymmetrical cross-section (drawn by C. Tessaro, models by C. 
Carmignani).  
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The blades have parallels edges and a straight profile. The direct production of blades with 
convergent edges is sporadic and can be considered as not predetermined. The convergence is 
instead often obtained through retouch, which in some cases modifies intensively the distal part 
of the blades (Fig. 3). 
In sub-level FIIIe, of the 773 elements (intact and fragmented) that can be attributed to blade 
knapping, 160 have been modified through retouch with a transformation rate of 20.7%.  
Besides laminar production, we also encounter the presence of an independent production kind 
aimed at producing bladelets through the exploitation of flake-cores. The exploitation of 
bladelet cores is carried out through a short series of unidirectional detachments. We can 
distinguish three types of volumes used as cores: simple flakes (Fig. 6 n. 2), flakes with a 
quadrangular cross section deriving from an exploitation “sur tranche” (Fig. 6 n. 1), and small 
number of slab fragments (Fig. 6 no. 3). As is the case in blade production, the configuration 
of the bladelet cores on flakes is based on the use of some technological expedients that require 
minimal preparation of the cores.  
 
 
Figure 6. Bladelet production. (1) Core-flake with one refitted bladelet, (2, 3) 
Bladelet cores (4–7) rejuvenation bladelets, (8–13), bladelets (drawn by C. 
Tessaro). 
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The initial stage of bladelet production usually entails a first removal that exploits one of the 
edges of the flake. The preparation of a one-sided crested-bladelet has been noted, but this is a 
rare occurrence (Fig 6 no. 1).  
The lack of a systematic management strategy of the core and, more specifically, a lack in the 
control of the distal convexity often leads to the abandonment of the bladelet cores after a short 
series of detachments. Flaking accidents are solved through the extraction of a rejuvenation 
bladelet with the aim of reinitializing the knapping surface and allow a second series of 
detachments (Fig. 6 nos 4, 5, 6, 7). Only one core shows a more elaborate management of the 
volume by rear-laterals removals aimed at the center of the flaking surface (Fig. 5 no. 1).  
 
 
5 - Blade and bladelets on the Italian peninsula during the Middle Paleolithic: A possible 
summary? 
 
It is important to being by noting that our attempt to carry out a precise comparison between 
the blade production of Grotta del Cavallo and other similar evidence present on the Italian 
peninsula turned out to be an arduous task for different reasons: lack of homogeneity among 
the data sets, methodological differences in the study of the lithic industries, and lack of a 
uniform terminology.  
Generally, under the term 'blade' or 'bladelet' are gathered all the elements that in an 
undifferentiated way mainly correspond to a morphometric feature (length > 2width). 
According to us, this feature is not sufficient to attribute with certainty a group of elongated 
products to a real systematic and pre-determinate production of blades. A small number of 
elongated pieces can be obtained in a non-systematic way even through some reduction systems 
that are not specifically orientated towards the production. 
In order to work with a corpus of data as homogeneous as possible and for a coherent 
comparison to be made we only considered reliable those lithic industries that have been 
analysed through a technological approach.   
The blade production of Grotta del Cavallo is placed within a well-known kind of variability 
known from the production systems of the Middle Paleolithic. In Italy, from a geographic point 
of view, volumetric blade productions are present with no particular trends from north to south: 
in the Apulia region there are Grotta Santa Croce (Arrighi et al. 2009) and Riparo Oscurusciuto 
(Boscato et al 2011), Grotta Reali in Molise (Peretto 2012), Grotta Breuil in Lazio (Bietti & 
Grimaldi 1993, Grimaldi 1996, Lemorini 2000), and Riparo Tagliente (Arzarello & Peretto 
2004, 2005) and Grotta Fumane (Peresani 2011) in the Veneto region. 
The technique systematically used is that of direct percussion with a hard hammer. The main 
method used, with a few specific exceptions, is the unidirectional kind.  
As observed in other parts of Europe the raw material used does not seem to neither hinder nor 
favour the production of elongated frames. In fact, volumetric laminar productions are found 
applied both on pebbles of different morphologies and dimensions, as well as on slabs, flakes-
cores or nodules (Table 5). We can say the same thing concerning the lithology of the raw 
materials used, which include flints, jaspers, quartzarenites or limestones. The initial knapping 
phases exploit in almost the majority of cases the natural morphology of the blocks. Initial 
configuration of the volume seems to be based on the selection of the correct morphology of 
the available raw materials. Just in a few rare cases, such as at Grotta del Cavallo or again at 
Grotta Reali, the configuration phase can provide the preparation of a crested blade. The 
recourse to this technical expedient, when present, is, however, quantitatively minor and never 
assumes a standardized and systematic role. At Grotta del Cavallo, the construction of a crested 
blade is mostly applied in the advanced production phase to correct flaking accidents.  
In terms of quantities, laminar productions are always in the minority and are consistently 
linked to flakes productions obtained by different production systems among which the 
Levallois, Discoid and the SSDA seem to be the most recurring (Table 5). 
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Table 5. Sites with blade production during the MIS 4/3 in the Italian peninsula. 
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In the Italian peninsula, during MIS 4 and MIS 3, the spread of blade productions by volumetric 
exploitation seems to coincide with a wider phenomenon, which can be summarised, in general 
terms, as a tendency towards searching for elongated products.  
In fact, during this same time period, a tendency of the Levallois concept to produce blades by 
the unidirectional or bidirectional methods seems to emerge (Table 5). As was noted for the 
volumetric laminar production this aspect has also been noted for the whole Italian peninsula 
showing no clear patterns: in the Liguria region, at the sites of Riparo Mochi and Barma Grande 
(Yamada 1997, 2004), in the Veneto region at Fumane (Peresani 2011), in the Campania region 
at Riparo del Poggio (Caramia, Gambassini 2006) and Castelcivita (Gambassini 1997), and in 
the Apulia region at Riparo dell’Oscurusciuto (Boscato et al. 2011).  
This apparent parallelism, which emerges as an interesting research theme, especially in terms 
of techno-functional aims, has not yet been fully explored.  
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In the case of Grotta del Cavallo the unidirectional and bidirectional Levallois methods, 
although present, is aimed at the production of quadrangular and sub-quadrangular flakes, 
which only sporadically reach an index of laminar lengthening. The systematic and 
predetermined production of blades has been attempted exclusively through the laminar 
volumetric system. At Grotta del Cavallo we seem to glimpse a clear distinction, in terms of 
techno-functional aims, between volumetric blade production and unidirectional-bidirectional 
Levallois methods. In others cases, as for instance at Riparo Tagliente, both the production 
systems, Levallois and volumetric, generate blades, but also, in this case, with distinct techno-
functional structures (Carmignani in press).   
Regardless of the production systems employed during MIS 4-3 a common macro phenomenon 
seems to take shape, which finds its uniqueness in creating blades using different reduction 
systems; in the case of the Levallois through a re-adaptation of the pre-existing volumetric 
concept, while, in the case of the volumetric systems, through completely innovative production 
systems.  
In this respect it will be important in our opinion to compare, more in detail, the ephemeral 
bladelet production that appears during the last phase of the Middle Paleolithic with that of the 
Upper Paleolithic. A recent work that has highlighted a connection between the Châtelperronian 
and Pro-Aurignacian bladelets at the site of Quinçai (France) encourages future research to 
point in that direction. (Roussel 2016).   
The last issue that we would like to discuss concerns the geographic setting of these productions. 
The Middle Paleolithic of the Italian peninsula is systematically found in cave or shelter sites. 
This differs to the blade productions of northern Europe, which are found in open-air sites 
(Table 5).  
It remains to be verified whether this difference is the result of research bias or if instead these 
locality differences are actually linked to different population dynamics between the central-
north and south areas of Europe.  
The problems connected to the spread of the laminar phenomenon in the final Mousterian 
phases in the Italian peninsula need to be investigated, both in terms of the innovative element 
it represents and its relationship to the pre-existing techno-cultural substratum. Given the 
current state of research, and even if some general features are emerging, this overview does 
not allow us to frame the laminar phenomenon within a univocal model. The chronological 
delay that we see between the laminar production of the Italian peninsula, apparently 
concentrated in MIS 3, and those of the south of France, already present starting from MIS 5, 
leaves us with different possible scenarios. A comparison study between the laminar 
productions of southern Europe will clarify whether we are facing a phenomenon of technical 
convergence with different invention and spread centres or, if instead, this phenomenon can be 
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Discussion and conclusion 
 
 
7.1 – The blade is coming?  Which roots for the laminar technology? 
 
The shift from the Lower Palaeolithic to the Early Middle Palaeolithic is “classically” defined 
by an increase in the number of core technologies, including standardized ones, which are 
stabilized in the full Middle Palaeolithic (MIS 5-3), associated with the decline of the 
“Acheulean” biface.  Between these technological changes the Levallois concept is one of the 
most important marker to delimite this border.  
The rise of blade production that dates back to the end of the MIS 8 to the MIS 7 can be also 
fully ascribed in this wider technological change which involves the European continent during 
second part of the Middle Pleistocene. The Levallois and Blade reduction strategies are not 
contemporaneous in their respective insurgence (Fig 1 and 2). 
Even though the oldest records of the emergence of the Levallois are recognized, sporadically, 
in a few sites from the MIS 12 to MIS 10 such as in France at Cagny la Garenne and Cagny 
Cemetery dated to MIS 12-11 (Lamotte and Tuffreau, 2001; Lamotte, 1995; Tuffreau, 1995, 
1987; Tuffreau et al., 2008) or in the Iberian Peninsula at Grand Dolina TD10 and Ambrona 
dated to MIS 10-9  (Terradillos-Bernal and Rodríguez-Álvarez 2014; Terradillos-Bernal and 
Díez Fernandez, 2012; Olle et al. 2013; García-Medrano P. et al. 2015; Santonja et al. 2016) it 
is just at the end of the MIS 9 that Levallois production becomes largely documented (Adler et 
al. 2014; Alvarez-Alonso 2014; Delagnes and Meignen 2006; Dibble and Bar-Yosef 1995; 
Fontana et al. 2010; Fontana et al. 2013; Gamble and Roebroks 1999; Moncel et al. 2011; 
Moncel et al. 2012; Picin et al. 2013; Roebroeks and Tuffreau 1999; Soriano 2000; White and 
Ashton, 2003; Wiśniewski 2014; Moncel et al., 2016). 
During all this period the Levallois doesn’t seem to spread clearly in the Italian peninsula with 
the exception of the site of Guado San Nicola dated to the end of MIS 11-beginning of MIS 10 
that nevertless does not seem to have left any trace behind him (Peretto et al. 2016).   
Concerning the blade reduction system, excepted the isolated case of Cave dell’Olio dating 
back to the MIS 9 (Fontana et al 2009), the blade production will appear at end of the MIS 8 
becoming more evident during the MIS 7 and is concentrated in northern Europe such as in the 
site of Saint-Valéry-sur-Somme (Heinzelin & Haesaerts 1983), Bapaume-les Osiers (Koehler 
2008) and Therdonne (Loch et al. 2010) in France, and Rissori (Adam & Tuffreau 1973; 36 
Adam 1991) in Belgium. The blade productions recongnized in the lower level of Bau de 
l’Aubesier are an isolated but nortworty exception. 
Levallois production continues to be largely present from the MIS 8 to the MIS 6. (Fig 1) Except 
the case of Bau de l’Aubesier, blade production during this span of time continues to stay 
concentrated to the northern Europe while Levallois spreads in a larger area such as in Italy at 
San Bernardino (Picin et al 2013) Riparo del Molare (Ronchitelli et al 2010) Riparo del Poggio 
(Boscato eta la 2009); and also in eastern Europe such us at Korolevo (Haesaerts and 
Koulakovskaya 2006). 
Just during the MIS 5 the blade production will penetrate more widely in the south of France 
and we have to wait the MIS 4 and 3 to see the first evidence of blade production in the Italian 
peninsula.  
Based on the evidence here described two main observation can be made. The first one is that 
Levallois and Blade productions seems to repeat a similar trajectory north –south and west – 
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east but in different periods (Fig 1 and 2). The second is that the blade production does not 
follow the first Levallois spread from the MIS 8 to 6 and furthemore does not penetrate in the 
Iberian Peninsula.  









The reason of this different and at the same time similar behaviour of the Blade and Levallois 
production is complicated to explain. Many factors can have contributed. Technology can 
spread in parallel with the displacement of the human group under the pressure of the 
enviromment and the climatic change but also by an indirect transmission of the techno cultural 
baggage without a direct contact of the human groups. 
Another consideration is that when the laminar production arises in northern Europe the human 
group still has widely developed flaking technology in which the blades will come to join. A 
simple and at the same time complex question come out. How has this innovative technology 
been integrated in the previously all-flake substratum? 
Figura 1 -Levallois distribution in 
Europe from the MIS 9 to 6 (from Picin 
et al 2013)  
Figura 2 –Blades distribution in Europe from 
the MIS 9 to 3  
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Considering the blade phenomenon as an introduction of a new concept of tool, which in that 
case consists of alongeted blanks, on a previous all-flake production we can distinguishing four 
possible schematic scenarios in relation to different integration modalities. (Fig 3).  
 
Case number 1 – The blade production is integrated as an addition.  In this case the 
previous flakes strategies remain unchanged and blades are produced by a reduction 
systems specifically dedicated.   
 
Case number 2 - The introduction of the new blade reduction systems partially 
replaces the flakes strategies by new reduction strategy.  
 
Case number 3 -  The global concept of production doesn’t change. In this case blades 
are produces by a reconversion of an operational systems which existed before such as 
the case of the Levallois blade production.  
 
Case number 4 -  There is a total substitution of the previous production. The blade 





Figure 3 – Possible integration of the blade on the flake substratum.  
 
 
The latter case (number 4)  can be identified with the Upper Paleolithic industries in which 
blade and bladelets assume a predominant role although flakes production does not disappear 
completely. This case of figure does not exist in the European Middle Paleolithic where blade 
is always present in a small percentage compared to the flakes strategies. 
Taking into consideration the state of the research, the first phases of blade production (MIS 8 
to 6) are based on an independent reduction strategy based on a volumetric exploitation such as 
in the site of Saint-Valéry-sur-Somme (Heinzelin & Haesaerts 1983), Bapaume-les Osiers 
(Koehler 2008) and Therdonne (Loch et al. 2010) in France, Rissori (Adam & Tuffreau 1973; 
36 Adam 1991) in Belgium. 
The association with flake productions is variable in type although the most frequent is the 
Levallois concept that continues to produce flakes. In this first phase, Levallois blade 
production such as the case of Biache Saint Vaast is rare (Boeda 1988b).  
Later on, during the MIS 5 to 3 blade reduction strategies assume a larger variability and the 
Levallois blade systems are largely employed such as for example at the site of Riparo del 
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Poggio (Caramia, Gambassini 2006), Grotta di Castelcivita (Boscato et al. 2011; Villa et. al.  
2009) in Italy or at Baume Bonne in France (Gagnepain et al. 2003, 2004).  
The “reconversion” of the Levallois concept to produce blades (case number 3) rarely assumes 
an exclusive role in the blade production that coexist with the volumetric exploitation systems.  
This scenario that seems to show a sort of duplication of the reduction systems aimed to produce 
the same product is actually wrong.  
At the site of Bau de l’Aubesier and Riparo Tagliente the two systems are aimed to produce 
distinct end products with distinct morphological features. These differences recognized in the 
techno-type suggest also the possibility of distinct functions.  The lack of specific use-wear 
analysis on the assemblages studied preventing us to go further these preliminary speculations.    
The blade production of Bau de l’Aubesier, which is sub-contemporaneous of the northern 
blade production, shares similar features with the northern blade reduction strategies but at the 
same time it contains original elements such as the pyramidal cores and the production of 
convergent blades. These mixed characters of innovation and continuity suggest a local re-
adaptation of the general concept of blade to a local substratum with its internal evolution and 




7.2 - Middle Paleolithic bladelets and the rise of the transition. 
 
The bladelets reduction systems recognize at Payre, Bau de l’Aubesier and Grotta del Cavallo 
cover a large span of time, from the end of the MIS 8 until the beginning of the MIS 3. These 
three evidences, far in time and space are plunged in distinct technological substratum and 
cannot be compressed in a univocal phenomenon.  
If the ephemeral trace of bladelet cores found at Payre could be addressed to an opportunistic 
behaviour, that is not the case of the bladelet reduction systems recognized at Bau de l’Aubesier 
and dating back at the MIS 5.  Nevertheless, these premature evidence of bladelets as also in 
the cases of Angé (Koehler et al 2014) and Bapaume les Osiers (Koehler 2008) don’t seem to 
leave any trace in the following periods.  
A different case is the bladelet production recognized at Grotta del Cavallo that is part of a 
wider phenomenon that affects the end of the Middle Paleolithic in different parts of Europe, 
such as at the sites of El Castillo and Cueva Morin in Spain (Maíllo-Fernández et al. 2004), at 
Champ Grand (Slimak & Lucas 2005) and Combe Grenal in France (Faivre 2012), at Fumane 
in Italy (Peresani 2011, Carmignani 2010), and at Balver Höhle in Germany (Pastoors & 
Tafelmaier 2010). 
These last mousterian bladelets productions that are plunged in a classical mousterian 
substratum coincide also with the rise and the development of the so called transitional 
industries as the Châtelperronian and Uluzzian. 
These transitional industries that partial overlapping the mousterian technocomplex contain 
evidence of blade and bladelets production in a more or less systematic way (Peresani et al;  
2016;  Roussel et al 2016).   
At Grotta del Cavallo and Grotta di Fumane the end of the mousterian seems to anticipate a 
similar bladelets production that will be present in the Uluzzian layers (Carmignani in this 
volume; Peresani et al 2016). 
Later on blade and bladelets will became one of the major marker of the first Upper Paleolithic 
industries. A recent work that highlighted a connection between the Châtelperronian and Pro-
Aurignacian bladelets at the site of Quinçai (France) encouraging future research to point in 
that direction. (Roussel 2016).   
In view of the above and basis on the results that coming out during my PhD motivated me to 
questioning about the role of the bladelets production on the shift form the end of the middle 
Paleolithic and the rise of the Upper Paleolithic industries.   
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The question of transitional culture between the Middle and Upper Paleolithic is rooted in 
anthropological and archaeological interests to explore how past cultures shifted on an 
evolutionary scale. The Uluzzian is an example of such transitional cultures from the 
Mediterranean Europe and the recent analysis of the human fossil established the association 
with anatomically modern humans at Grotta del Cavallo (Ronchitelli at al 2015). 
 
7.3 Work in progress. The Mario Bernardini project. 
 
These last considerations and questions motivate me in 2014 to plan as principal 
investigator the excavation project at the site of Grotta Mario Bernardini (Italy) in co-direction 
with Filomena Ranaldo from the University of Siena and in concession to the Comune di Nardò 
(Le), Italy. 
Grotta Mario Bernardini is a coastal cave located in the south of Italy by the Ionian Sea 
located approximately 45 meters b.s.l. (Fig. 4). 
 
 
Figure 4 - Grotta Mario Bernardini: A and B – Location of the site; C 
Simplified stratigraphy of Grotta Mario Bernardini (Modified after Borzatti 
1970) 
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The cave was discovered by Borzatti Von Löwerstern who carried out the first test pit which 
was followed, two years later, by the first excavation campaign (Borzatti 1970 ). In the years 
that followed other excavation campaigns were carried out highlighting a long sequences that 
yelded a succession of mousterian and Uluzzian industries present at the site (Borzatti Von 
Löwerstern E. 1971). 
 The main  aim of the excavation project is to provide new data that address questions regarding 
the differences and similarities of Mousterian and Uluzzian cultures as well as the cultural shift 
through a multidisciplinary approach including technological analysis of lithics, 
zooarchaeological study, geoarchaeological study and dating using multiple chronometric 
techniques.  
The research objective is to contribute new data to debates surrounding the behavioral 
adaptations of our closest relatives, Neanderthals, and modern humans, and address questions 
on transitional cultures, which chronologically followed the Middle Paleolithic occupations in 
Europe and Western Asia (Riel-Salvatore 2009; Ronchitelli et al. 2009; Roussel et al. 2016; 
Ruebens et al. 2015). New excavation at Grotta Mario Bernardini in the region of Apulia, 
southern Italy will enable us to better understand the Final Mousterian and Uluzzian cultures 
and to document the nature of the cultural transition. Using multidisciplinary approaches, we 
reconstruct the cultural and economic activities of hominins with better chronological control 
and stratigraphic contexts to test if the interaction of Neanderthal-modern human is a tenable 
scenario. Through the excavation and subsequent analysis of the archaeological material and 
documentation, we address the following questions.  
 
 
Question 1: What are the stratigraphic contexts of the Final Mousterian and Uluzzian at GMB 
“Grotta Mario Bernardini”? Are other early Upper Paleolithic cultures such as the Aurignacian 
present? If so, what is the stratigraphic relationship between the technocomplexes? Further, 
what is the chronological framework of the Final Mousterian and Uluzzian? 
The Final Mousterian and Uluzzian cultures have been identified at the site, but the 
geoarchaeological investigation has been limited to descriptive documentation of the 
sedimentological deposits (Borzatti von Löwenstern 1970, 1971). Detailed stratigraphic study 
that includes geochemical analyses will clarify the spatial contexts of the Final Mousterian and 
Uluzzian as well as explore the possible presence of early Upper Paleolithic cultures, such as 
the Aurignacian, which are rarely identified in southern Italy. Further, the chronometric dating 
with detailed stratigraphic analyses will be essential in determining the chronological 
framework of the cultures. We expect that the dates of the Mousterian-Uluzzian transition will 
range between 45 – 40,000 years ago (calibrated) (Douka et al. 2014). The series of date from 
GMB will be compared to the chronology from nearby sites with Middle to Upper Paleolithic 
sequence.   
 
Question 2: Based on the lithic and organic industry, can we observe continuity or discontinuity 
between the Final Mousterian and Uluzzian cultures? Do the attributes of Uluzzian artifact 
assemblage from the site follow the characteristics that have been previously described? Can 
we trace the same technological interbreeding between the Uluzzian and the final Mousterian? 
What kind of similarity and inter-site variability do we observe? Do cultural patterns tie into 
the hunting activities and economic exploitation of animal resources?  
The distinguishing characteristics of the Final Mousterian and Uluzzian lithic industries have 
been defined using the material from the previous excavation of Borzatti. This project will 
continue with the lithic analyses to increase the sample size of the Uluzzian and Late 
Mousterian artifact assemblages and study the spatial distribution of the artifacts. Lastly, 
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zooarcheological study will be conducted on the faunal remains, which will initially focus on 
the species abundance and anthropogenic/non-anthropogenic modification to track patterns of 
processing activities.  
 
Based on the results of Grotta Mario Bernardini excavation and analyses, we consider the 
following models to explain the Uluzzian culture and its relationship with the Final Mousterian 
Neanderthals.  
 
Scenario 1: The Uluzzian was produced by Neanderthals. Here, the local Middle Paleolithic 
population has independently developed lithic technology with elements of the Upper 
Paleolithic cultures, drawing parallel technological development such as the Châtelperronian in 
southwestern France.  
 
Scenario 2: The Uluzzian were produced by the modern humans. Modern humans that migrated 
into the region gave rise to the Uluzzian culture in the Mediterranean Europe. This scenario is 
currently supported by the bioarchaeological analyses of human fossils from the Uluzzian level 
of Grotta del Cavallo. 
 
Scenario 3: This scenario considers that the Uluzzian resulted from both Neanderthal and 
modern human groups. The scenario of coexistence and interaction between the populations 
requires further consideration through the study of stratigraphic context in conjunction with the 
technological study of artifact assemblages.  
Generating data addressing the above research questions will help us falsify or verify some of 
the scenarios which can be help explain the Uluzzian phenomenon and its relationship with the 
Late Mousterian in southern Italy  
 
Transitional industries between the Middle to the early Upper Paleolithic that existed across 
various regions in Europe and the Near East pose one of the most interesting challenges for 
archaeologists, specifically in determining the identity of the makers (Davies et al. 2015; Hublin 
2015; Moroni et al. 2013; Riel-Salvatore 2009; Riel-Salvatore and Barton 2004). Many 
archaeological phenomena are tied to the technological traditions, which serve to define and 
identify local and regional hunter-gatherer cultures. Further, lithic assemblages provide a broad 
but effective chronological control, which can be tested using chronometric dating techniques. 
The ‘transitional’ cultural phenomenon is puzzling, because elements of several cultures, one 
often associated with Neanderthals and the other to modern humans, are often present. Further, 
chronological studies can do little to provide concrete answers due to the limits in the precision 
and accuracy for most chronometric dating techniques, especially when the dates fall beyond 
the range of radiocarbon dating ~45 ka uncalibrated (Higham et al. 2014).  
 
In the case of the Uluzzian technocomplex, which is found in Italy and Greece, the ‘mix package’ 
of continuity and innovation has been well studied and confirmed by lithic and artifact based 
analyses  (De Stefani et al. 2012; Kaczanowska et al. 2010; Palma di Cesnola 1993, 1996, 
Peresani 2012; Peresani et al. 2013; Ranaldo in press; Ranaldo et al. in press). The most current 
dates suggest that its temporal range run between 45-39 ka cal BP (Douka et al. 2014). The 
paleoanthropological evidence places the Uluzzian in the hands of modern humans, based on 
the reinterpretation of isolated teeth from Grotta del Cavallo located in Porto Selvaggio in 
Apulia region of southern Italy, which makes it one of the oldest modern human fossils in 
Europe that is associated with cultural assemblages (Benazzi et al. 2011; 2014).  However, 
some argue that the stratigraphic association between the cultural layer and hominin teeth is not 
solid, resulting in counterarguments to the proposed interpretation (Zilhao et al. 2015). Due to 
the limits of old documentation and excavation method, this counterargument remains 
speculative and has been refuted in some cases (Ronchitelli et al. 2016).  
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Recent research done at Grotta del Cavallo defined the technological patterns of the final 
Mousterian related to the level FI-FII and FIII and Uluzzian related to the levels E, EII-I and D 
(Carmignani 2010; Carmignani and Sarti in press; Palma Di Cesnola 1964; Sarti et al. 1998).   
Final Mousterian layers have yielded abundant lithic material dominated by two main reduction 
systems: the first originating from a Levallois concept by centripetal, unidirectional and 
bidirectional methods, and the second stemming from a blade volumetric reduction system. The 
presence of separate reduction systems aimed at obtaining bladelets highlights the technological 
variability of the Final Mousterian.  
Uluzzian layers has yielded large quantities of splintered/flaked tools from siliceous limestone 
blocks and pebbles, which have been obtained with the biopolar technique on anvil for flakes, 
small blades and bladelets and scrapers are made systematically on the plane level (Ranaldo et 
al. in press). Further the volumetric production of blades and bladelets are linked to the 
introduction of fine grained flint as the primary raw material (Ranaldo et al. in press). 
 
The lithic technology from these two cultural phases shows gradual progression as well as 
abrupt changes, which does not lend itself to a simple interpretation, but the analyses of 
Uluzzian industry from excavations of the 1960's support a model suggesting that the Uluzzian 
industry represents technological break from the Final Mousterian. Further, the Uluzzian 
culture is characterized by the diversification of the raw material used for artifact productions, 
including bones and antlers, in addition to the production of seashell ornaments. The organic 
component of the cultural assemblage is rare in the Mousterian assemblage and sees greater 
parallel with other early Upper Paleolithic and transitional technocomplexes in Europe. 
Grotta Mario Bernardini has been excavated by Borzatti von Löwerstern in the 1960’s but it 
has also experienced looting and undocumented excavation led by amateurs, showing recent 
disturbance of the site. The excavation will focus on the entrance area of the cave roughly 
covering ~ 20 m2, which likely has one of the highest density of undisturbed Paleolithic 
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Figure 5 – External shelter of Grotta Mario Bernardini. Geophysical prospections. 
 
The new excavation will apply recovery techniques as well as a new focus on the excavation 
of large surface area, which will enable spatial analyses of archaeological objects. This will be 
one of the first Uluzzian sites where the spatial distribution of artifacts can be taken into account 
for understanding site formation processes and spatial organization of the inhabitants. Grotta 
Mario Bernardini’s data will consider behavioral patterns produced through identification of 
occupational layers and the arrangements of artifacts and features for possible signatures of 
spatial organization, structure and activities.  
Further, the stratigraphy exposed by Borzatti von Löwerstern will be investigated for detailed 
documentation and additional geoarchaeological and stratigraphic studies. The vertical profile 
of Borzatti from 60’s has been rediscovered and will provide material for considering 
chronological evolution of the site added by chronometric dating. Borzatti von Löwerstern has 
documented in his previous study the presence of Uluzzian and Mousterian layers represented 
by one large deposit respectively but likely contain several discrete strata. Radiocarbon dating 
on charcoal, bone collagen and shell provides the most reliable techniques due to its accuracy. 
Further, TL dating, provided that burnt lithic tools are recovered, as well as ESR dating to test 
the validity of dates by comparing different chronometric dating. Lastly, the CI eruption, an ash 
layer found in many Italian archaeological sites with Middle and Upper Paleolithic occupations, 
is likely present at the site. The sampling and geochemical analysis of the ash in the layers will 
conducted which will also provide direct chronometric dates. The volcanic eruption, is dated 
from multiple sites to ~41 ka.  
 
As one of the geoarchaeological investigations, micromorphological study sheds light on the 
nature of occupational layers and the depositional and post-depositional processes. By sampling 
of intact sediments and observing them through thin sections, the analyses allows for natural as 
well as anthropogenic signatures in the sediment that include presence of combustion features 
or identify discrete or continuous transition between separate geological/occupational layers. 
Here, the transition from the late Mousterian and Uluzzian will be identified not from artifacts 
but also from a micromorphological perspective, enabling us to consider whether the 
occupation of Uluzzian and Mousterian possible came in contact or if there is any evidence of 
erosion between the two cultural layers. This approach will combined with sedimentological 
and stratigraphic analyses to provide a comprehensive understanding of the depositional 
context and features.  
 
Lithic analyses will be one of the key study that will inform the basis for characterizing the 
artifact assemblages and documenting any changes and continuity in the technological 
dimension of lithic production. The study will take on a technological approach and the 
knapping system analysis follows the same principles as those of the chaine opératoire analysis, 
which is supported by the quantitative presentation of technological categories (Inizan et al. 
1995). The techniques will be identified according to experimental studies carried out by 
Pelegrin (2000). Additional analyses as macro and microwear study will be conducted to 
determine the function of the tools. It will be coupled by the study of organic artifacts, which 
is likely given the nature of the Uluzzian artifact assemblages.  
 
Faunal analyses will mostly involve species composition and skeletal representation. Further, 
the taphonomic study will consider any physical, biological, carnivore as well as anthropogenic 
modification of faunal remains. This will enable us to study patterns of lithic production with 
economic activities, including hunting and exploitation of resources, and understand the 
economic behavior of Middle Paleolithic and Uluzzian inhabitants with a combined approach. 
It will consider previous studies in the region to see if similar patterns can be identified (Boscato 
and Crezzini 2006). 
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Subsequently, systematic comparison will be made between the data from the current site to 
GC, where recent research and reanalysis has led to major reinterpretation and appropriation of 
the understanding of makers of the transitional cultures in the region. The recent excavation of 
GC was limited in the surface area of excavation, placing greater importance on the diachronic 
patterns through vertical excavation. While the focus and the nature of the excavation slightly 
differs, these sites provide one of the comprehensive data which will also allow us to consider 
intersite variability. This project represents one of the case studies on the transitional studies on 
a local scale and then address the state of Uluzzian culture on a regional state by comparing the 
data will previous and subsequent research on this particular technocomplex 
 
The research will contributes to the general discussion and topic on the cultural adaptation and 
behavioral repertoire of modern humans and the close relatives in Eurasia, Neanderthals. Of 
utmost interest is the causes and processes leading to their extinction, which has been linked to 
climatic fluctuations and ecological reasons, mostly framed in terms of competition between 
archaic and modern humans.  Further, the research ultimately is driven and informed by 1) 
theoretical discussion on human uniqueness both in regards to their cognition and behavior, in 
other words our interest in understanding biological and cultural traits of Homo sapiens sapiens 
that led to our continued evolution to the present and 2) larger question on the relationship 
between the biological and cultural adaption of hominins. We have a better understanding of 
genetic and biological characteristics that differentiate Neanderthals and modern humans while 
the cultural and behavioral differences between the two hominin populations still probably can 
merit from additional research and new dataset. Through the study of Neanderthals, we shed 






























UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  























































UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  




Adam A. 1991 - Le gisement paléolithique moyen du Rissori à Masnuy-Saint-Jean (Hainaut, 
Belgique): premiers résultats. In: Paléolithique et Mésolithique du Nord de la France, 
Nouvelles recherches II (Tuffreau, A., Ed.), Publications du CERP Vol. 3, Centre d'Études 
et de Recherches Préhistoriques (CERP), Université des Sciences et Technologies de Lille, 
Villeneuve d'Ascq: 41-52.  
Adam A. Tuffreau A. 1973 - Le gisement paléolithique ancien du Rissori, à Masnuy-Saint-Jean 
(Hainaut, Belgique). Bulletin de la Société préhistorique française. 70(1):293–310. 
doi:10.3406/bspf.1973.4377 
Adler DS, Wilkinson KN, Blockley S, Mark DF, Pinhasi R, Schmidt-Magee BA, Nahapetyan 
S, Mallol C, Berna F, Glauberman PJ, Raczynski-Henk Y. 2014 - Early Levallois 
technology and the Lower to Middle Paleolithic transition in the Southern Caucasus. 
Science 6204/345, 1609-1613.  
Álvarez-Alonso D. 2014 - First Neanderthal settlements in northern Iberia: The Acheulean and 
the emergence of Mousterian technology in the Cantabrian region. Quaternary International. 
326, 288-306.  
Ameloot-Van der Heijden N. 1993 - L’industrie laminaire du niveau C.A. du gisement 
paléolithique moyen de Riencourt-lès-Bapaume (Pas-de-Calais). Bulletin de la Société 
préhistorique française, 90(5): 324-327. doi:10.3406/bspf.1993.9641 
Andrefsky Jr. W. 2009 -  The Analysis of Stone Tool Procurement, Production, and Maintenance, 
Journal of Archaeological Research, 17, p. 65 – 103.  
Arrighi S, Freguglia M, Ranaldo F, Ronchitelli A. 2009 - Production and use in the lithic 
industry of the Mousterian in Santa Croce (Bisceglie, Italy). Human evolution, 24(2): 91-
106. 
Arzarello M. 2003 - Contributo allo studio del comportamento tecno-economico dell’uomo di 
Neandertal: l’industria litica della serie musteriana del Riparo Tagliente (Stallavena di 
Grezzana, Verona, Italia). Ph.D. thesis, Università di Ferrara, Ferrara;  p. 270  
Arzarello M, Berardinelli L, Minelli A, Pavia M, Rufo E, Sala B, Thun Hohenstein U, 
Peretto C. 2004 - Il sito paleolitico medio di Grotta Reali (Rocchetta al Volturno, Molise, 
Italia). Rivista di Scienze Preistoriche LIV, 249-269. 
Arzarello M, Peretto C. 2004 - “L’industrie lithique moustérienne (“Tagli 40-42″) du Riparo 
Tagliente (Verone, Italie)”. Acts of the XIVth UISPP Congress, University of Liège, 
Belgium, 2-8 September 2001 10 Section 5: Le Paléolithique Moyen/The Middle 
Palaeolithic General sessions and posters edited by Le Secrétariat du Congrès. BAR 
International Series 1239, 169-175. 
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 171 
Arzarello M, Peretto C. 2005 - Nouvelles données sur les caractéristiques et l’evolution techno-
économique de l’industrie moustérienne de Riparo Tagliente (Verona, Italie), in Les 
premières peuplements en Europe, a cura di N. Molines, M.H. Moncel, J.L. Monnier, 
Colloque international, (Rennes, 22-25 septembre 2003), BAR, International Series 1364, 
281-289. 
Arzarello M, Bertola S, Fontana F, Guerreschi A, Thun-Hohenstein U, Liagre J, Peretto C, 
Rocci Ris A. 2007 - Aires d'approvisionnement en matières lithiques et en ressources 
alimentaires dans les niveaux moustériens et epigravettiens de l'Abri Tagliente (Verone, 
Italie): Une dimension “locale”. In: Aires d’approvisionnement en matières premières et 
aires d’approvisionnement en ressources alimentaires (Moncel, M.-H., Moigne, A.-M., 
Arzarello, M., & Peretto, C., Eds.), BAR International Series Vol. 1725, Archaeopress, 
Oxford: p. 161-169.  
Ataman K, Carambelas KR, Elston RG. 1992 -  The Economics of Tool Stone Extraction and 
Processing, in R. G. Elston and C. Raven (eds.), Archaeological Investigations at Tosawihi, 
a Great Basin Quarry, 3. A Perspective from Locality 36, report prepared for the Bureau of 
Land Management, Elko Resource Area, Nevada, Inter-mountain Research and Bureau of 
Land Management, p. 233 – 250.  
Aubry T, Luís L, Mangado Llach J, Matias H.  2012 -  We Will Be Known by the Tracks We 
Leave Behind: Exotic Lithic Raw Materials, Mobility and Social Network- ing among the 
Côa Valley Foragers (Portugal), Journal of Anthropological Archaeology, 31, p. 528 – 550.  
Auguste P. 2008 -  Les Ursidés de l’ensemble F,  In: Moncel M-H Editor, Le site de Payre, 
occupations humaines dans la vallée du Rhône à la fin du Pléistocène moyen et au début du 
Pléistocène supérieur. Mémoire de la Société Préhistorique Française XLVI: 51-77. 
Aureli D, Rocca R, Lemorini C, Modesti V, Scaramucci S, Milli S, et al. 2016 - Mode 1 or 
mode 2? ‘Small tools’ in the technical variability of the European Lower Palaeolithic: The 
site of Ficoncella (Tarquinia, Lazio, central Italy). Quaternary International. 393:169–84.  
Aureli D. Ronchitelli AM. (in press) - The Lower Tyrrhenian Versant: was it a techno-cultural 
area during the Middle Palaeolithic? Evolution of the lithic industries of the Riparo del 
Molare sequence in the frame of Neanderthal peopling dynamics in Italy n Borgia V., 
Cristiani E. (eds), Palaeolithic Italy. Advanced studies on early human adaptations in the 
Apennine Peninsula, Sidestone Press ed., Leiden. 
Baena J, Moncel MH, Cuartero F, Chacón Navarro MG, Rubio D. 2014 in press – Late 
Middle Pleistocene genesis of Neanderthal technology in Western Europe: The case of 
Payre site (south-east France). Quaternary International.   
Baena J, Carrión E, Cuartero F, Fluck H.  2012 -  A Chronicle of Crisis: the Late Mousterian 
in North Iberia (Cueva del Esquilleu, Cantabria, Spain), Quaternary Inter- national, 247, p. 
199 – 211.  
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 172 
Baena J, Lordkipanidze D, Cuartero F, Ferring R, Zhvania D, Martín D, Shelia T, 
Bidzinashuili G, Roca M, Rubio D. 2010 - Technical and Technological Complexity in 
the Beginning: the Study of Dmanisi Lithic Assemblage. Quaternary International, 223 
(224), p. 45 – 53.  
Bamforth DB. 1986 -  Technological Efficiency and Stone Tool Curation, American Antiquity, 
51, p. 38 – 50.  
Bamforth DB.  2006 - The Windy Ridge Quartzite Quarry: Hunter-Gatherer Mining and Hunter-
Gatherer Land Use on the North American Continental Divide, World Archaeology, 38, p. 
511 – 527.  
Barkai R, Gopher A, Shimelmitz R. 2005 - “Middle Pleistocene Blade Production in the Levant: 
an Amudian assemblage from Qesem Cave, Israel”, Eurasian Prehistory, 3, p. 9-74.  
Barkai R, Gopher A, Lauritzen SE, Frumkin A. 2003 - “Uranium Series Dates from Qesem 
Cave, Israel, and the end of the Lower Palaeolithic”, Nature, 423, p. 977-979.  
Barkai R, Lemorini C, Gopher A. 2010 - “Palaeolithic cullery 400 000-200 000 years ago: tiny 
meat-cutting Tools from Qesem cave, Israel”, Antiquity, vol. 84, issue 325.  
Barkai R, Lemorini C, Shimelmitz R, Lev Z, Gopher A, Stiner MC. 2009 - “A blade for all 
seasons? Making and using Amudian blades at Qesem Cave, Israel”, Human Evolution, vol. 
24, n°1, p. 57-75.  
Bartolomei G, Broglio A, Cattani L, Cremaschi M, Guerreschi A, Mantovani E, Peretto C, 
Sala B. 1982 - I depositi würmiani del Riparo Tagliente. Annali dell’Università di Ferrara, 
sez. 15, 3(4): 51-105.   
Bartolomei G, Broglio A, Cattani L, Cremaschi M, Guerreschi A, Leonardi P, Peretto C. 
1984 - Paleolitico e Mesolitico. In: Il Veneto nell'antichità. Preistoria e Protostoria, Banca 
popolare di Verona, Vol 2: p. 167-319.  
Benazzi, S., Bailey, S. E., Peresani, M., Mannino, M. A., Romandini, M., Richards, M. P., & 
Hublin, J.-J. 2014 -  Middle Paleolithic and Uluzzian human remains from Fumane Cave, 
Italy. Journal of Human Evolution, 70, 61-68.  
Benazzi S, Douka K, Fornai C, Bauer CC, Kullmer O, Svoboda J, Pap I, Mallegni F, Bayle 
P, Coquerelle M, Condemi S., Ronchitelli A, Harvatis K, Weber GW.  2011 -  Early 
Dispersal of Modern Humans in Europe and Implications for Neanderthal Behaviour, 
Nature, 479, p. 525 – 528.  
Bertola S. Peresani M. Peretto C. Thun-Hohenstein U. 1999 - Le site paléolithique moyen de 
la Grotta della Ghiacciaia (Préalpes de Vénétie, Italie du Nord). L’Anthropologie 103 (3), 
377 - 390. 
Bietti A. Grimaldi S. 1993 - Mousterian assemblages in central Italy: cultural facies or behavioral 
adaptation? Quaternaria Nova III, 21-38. 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 173 
Binford L, Binford S. 1966 - A preliminary analysis of functional variability in the Mousterian 
of Levallois facies. American Anthropologist. 68, 238-295.  
Binford L. 1973 -  Interassemblage variability - the Mousterian and the functional argument. In: 
Renfrew, C. (Ed.), The Explanation of Culture Change. Duckworth, London. 227-254.  
Binford LR. 1979 - Organization and Formation Processes: Looking at Curated Technologies, 
Journal of Anthropological Research 35: 255 – 273.  
Binford LR. 1980 - Willow Smoke and Dogs’ Tails: Hunter-Gatherer Settlement Systems and 
Archaeological Formation Processes, American Antiquity, 45: 4 -20.  
Binford LR.  1982 -  The Archaeology of Place, Journal of Anthropological Research 1: 5 - 31.  
Blackwell BAB, Skinner AR, Blickstein JIB, Lebel S, Leung HYM. 2001 - ESR isochron 
dating analyses at Bau de l’Aubesier, Provence, France: clues to U uptake in fossil teeth. 
Geoarchaeology. 16: 719-761. 
Blades B. 1999 -  Aurignacian Lithic Economy and Early Modern Human Mobility, Journal of 
Human Evolution, 37, p. 91 – 120.  
Blaser F, Bourguignon L, Sellami F, Rios Garaizar J. 2012 - Une série lithique à composante 
Laminaire dans le Paléolithique moyen du Sud-Ouest de la France: le site de Cantalouette 
4 (Creysse, Dordogne, France). Bulletin de La Société Préhistorique Française, 109 (1), 5–
33. 
Bleed P.  1986 - The Optimal Design of Hunting Weapons: Maintainability or Reliability, 
American Antiquity, 51, p. 737 – 747.  
Boëda E. 1988a - Le concept laminaire: rupture et filiation avec le concept Levallois. In : M. Otte 
(Ed.), L’homme de Neandertal vol.8, La mutation, acte du colloque de liège, p. 47-49 
Boëda, E. 1988b - Analyse technologique du débitage du niveau IIA. In: Le gisement 
paléolithique moyen de Biache-Saint-Vaast (Pas-de-Calais), Vol. 1 (Tuffreau, A., & 
Sommé, J., Eds.), Mémoire de la Societé Préhistorique Française, Paris: p. 185 - 214.  
Boëda E. 1990 - De la surface au volume : analyses des conceptions des débitages Levallois et 
laminaire. In : C. Farizy (Ed.), Paléolithique moyen récent  et Plaéolithique supérieur ancien 
en Europe, Actes du colloques international de Nemours 1988 , Mémoire du Musée de 
Préhistoire d’Ile de France 3, p. 63-68. 
Boëda E. 1991 - Approche de la variabilité des systèmes de production lithique des industries du 
Paléolithique inférieur et moyen: chronique d'une variabilité attendue. Technique et culture 
17-18. 37-79.  
Boëda E.  1993 -  Le débitage discoïde et le débitage Levallois récurrent centripète, Bulletin de 
la Société préhistorique française, 90, 6, p. 392 – 404.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 174 
Boëda E. 1994 - Le concept Levallois: variabilité des méthodes. Monographie du CRA 9, CNRS 
éditions, Paris. 280 p.  
Boëda E. 2013 - Techno-logique & Technologie. Une paléo-histoire des objects lithiques 
tranchants. Archeo-editions, Coll. Préhistoire au Present. 
Boëda E, Geneste JM, Meignen L. 1990 - Identification de chaînes opératoires lithiques du 
Paléolithique ancien et moyen. Paléo. 2: 43–80.  
Boëda E, Hou YM, Forestier H, Sarel J,  Wang HM. 2013 - Levallois and non-Levallois blade 
production at Shuidonggou in Ningxia, North China. Quaternary International, 295: 191-
203. doi:10.1016/j.quaint.2012.07.020 
Bordes F, de Sonneville-Bordes D. 1970 - The significance of variability in Paleolithic 
assemblages. World Archaeology. 2, 61-73.  
Bordes F. 1961 - Mousterian cultures in France. Science. 134, 803-810.  
Bordes F. 1977 - Que sont le Pré-Aurignacien et le Iabroudien? In: Eretz Israel 13, (Arensburg, 
B., & Bar Yosef, O. Eds.), Israel Exploration Society, Jerusalem: p. 49-55. (in France) (Who 
are the Preaurignacian and the Yabrudian?) 
Borzatti von Löwenstern, E. 1970 - Prima campagna di scavi nella grotta Mario Bernardini 
(Nardò-Lecce). Rivista di scienze preistoriche, 25, 89-125.  
Borzatti von Löwenstern, E. 1971 - Seconda campagna di scavi nella grotta Mario Bernardini 
(Nardò- Lecce). Rivista di scienze preistoriche, 26, 31-62.  
Boscato P, Boschian G, Caramia F, Gambassini P (2009) Il Riparo del Poggio a Marina di 
Camerota (Salerno): culture ambiente. Rivista di Scienze Preistoriche LIX: 5–40.  
Boscato, P., & Crezzini, J. 2006 - The Exploitation of Ungulate Bones in Homo neanderthalensis 
and Homo sapiens. Human Evolution, 21(3-4), 311-320.  
Boscato, P., & Crezzini, J. 2012 -  Middle–Upper Palaeolithic transition in Southern Italy: 
Uluzzian macromammals from Grotta del Cavallo (Apulia). Quaternary International, 
252(0), 90-98.  
Boscato P, Gambassini P, Ranaldo F, Ronchitelli A. 2011 - Management of 
Paleoenvironmental Resources and Exploitation of Raw Materials at the Middle Paleolithic 
Site of Oscurusciuto (Ginosa, Southern Italy): Units 1 and 4. In: Neanderthal Lifeways, 
Subsistence and Technology. One Hundred Fifty Years of Neanderthal Study, (Conard, N.J., 
& Richter, J. Eds.), Springer, New York: p. 87-96. doi: 10.1007/978-94-007-0415-2_9 
Bosinski G. 1986 - Chronostratigraphie du Paléolithique inférieur et moyen en Rhénanie. In: 
Chronostratigraphie et faciès culturels du Paléolithique inférieur et moyen dans l’Europe 
du Nord Ouest, (Tuffreau, A., & Sommé, J., Eds.), Supplément du bulletin de l’AFEQ, 
PUBLISHER, Paris: p.15-34.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 175 
Bourguignon L. 1996 - La conception de débitage Quina. In: Bietti A, Grimaldi S. (Eds.), 
Reduction Processes for the European Mousterian. Actes du colloque international de Rome, 
Quaternaria Nova. VI: 149-166.  
Bourguignon L. 1997 - Le Moustérien de type Quina: nouvelle de finition d'une technique. 
Doctoral Thesis, Universite de Paris X-Nanterre, Nanterre;  
Bourguignon L, Delagnes A, Meignen L.  2006 -  Sys- tèmes de production lithique, gestion 
des outillages et territoires au Paléolithique moyen où se trouve la com- plexité ?, in L. 
Astruc, F. Bon, V. Léa, P. Y. Milcent and S. Philibert (eds.), Normes techniques et pratiques 
sociales. De la simplicité des outillages pré- et protohistoriques, proceedings of the 26th 
Rencontres d’archéologie et d’his- toire d’Antibes, (Antibes, 20 – 22 October 2005), 
Antibes, APDCA, p. 75 – 86.  
Bourguignon L, Djema H, Bertran P, Lahaye C, Guibert P.  2008 -  Le gisement Saalien de 
Petit-Bost (Neuvic, Dordogne) à l’origine du Moustérien d’Aquitaine ?, in J. Jaubert, J.-G. 
Bordes and I. Ortega (eds.), Les sociétés du Paléolithique dans un grand Sud-Ouest de la 
France : nou- veaux gisements, nouveaux résultats, nouvelles méthodes, Paris, Société 
préhistorique française (Mémoire, 47), p. 41 – 55.  
Bousman CB.  1993 -  Hunter-Gatherer Adaptations, Eco- nomic Risk and Tool Design, Lithic 
Technology, 18, p. 59 – 86.  
Brantingham PJ.  2006 -  Measuring Forager Mobility, Cur- rent Anthropology, 47, p. 435 – 
459.  
Brenet M, Chadelle JP, Claud É, Colonge D, Delagnes A, Deschamps M, et al. 2016 -  The 
function and role of bifaces in the Late Middle Paleolithic of southwestern France: 
Examples from the Charente and Dordogne to the Basque Country. Quaternary 
International. In press http://dx.doi.org/10.1016%2Fj.quaint.2015.12.052 
Brenet M, Folgado M, Lenoble A, Bertran P, Vieillevigne E, Guibert P.  2008 -  Interprétation 
de la vari- abilité technologique de deux industries du Paléolithique moyen ancien du 
Bergeracois: Cantalouette 1 et Combe Brune 3 (Creysse, Dordogne), in J. Jaubert, J.-G. 
Bordes and I. Ortega (eds.), Les sociétés du Paléolithique dans un grand Sud-Ouest de la 
France : nouveaux gisements, nou- veaux résultats, nouvelles méthodes, Paris, Société 
préhis- torique française (Mémoire, 47), p. 57 – 81.  
Bringmans P. 2007 - First evidence of Neanderthal presence in Northwest Europe during the 
Late Saalian “Zeifen Interstadial”(MIS 6.01) found at the VLL and VLB Sites at 
Veldwezelt-Hezerwater, Belgium. PalArch’s Journal of Archaeology of Northwest Europe, 
1(1): 1-15. 
Bringsmans P, Vermeersch PM, Gullentops F, Meijs EPM, Groenendijk AJ, de Warrimont 
JP, Cordy JM. 2004 - Human presence and lithic variability at the Middle Palaeolithic 
Valley settlements at Veldwezelt-Hezerwater (Limburg, Belgium). In: 
Colloquium“Neanderthals in Europe”, (Demarsin, B., Ed.), Université de Liège, Liège: p. 
89-100. 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 176 
Browne CL, Wilson L.  2011 -  Resource Selection of Lithic Raw Materials in the Middle 
Palaeolithic in Southern France, Journal of Human Evolution, 61, p. 597 – 608.  
Browne CL, Wilson L. 2013 - Evaluating inputs to models of hominin raw material selection: 
map resolution and path choices. J. Archaeol. Sci. 40: 3955-3962. 
Caramia F, Gambassini P. 2006 - Il Musteriano evoluto del Riparo del Poggio (strati 9 e 10) a 
Marina di Camerata – Salerno. Rassegna di archeologia preistorica e protostorica vol. 22A, 
67-95. 
Carmignani L.  2011 -  Le ultime espressioni del Musteriano nell’Italia del Sud-Est. Variabilità 
tecnologiche e compor- tamenti tecno-economici in un contesto peninsulare. I casi studio 
di Grotta del Cavallo e Grotta Mario Bernardini. Nardò (Lecce), Doctoral thesis, Università 
degli Studi di Siena, 247 p.  
Carmignani L. 2010 - L’industria litica del livello FIIIe di Grotta del Cavallo (Nardò, Lecce). 
Messa in evidenza di una produzione lamino – lamellare in un contesto del Musteriano 
finale. Origini. XXXII, Nuova Serie IV: 7 - 26. 
Carmignani L. (in press) - Between the flake and the blade. Associated systems production at 
Riparo Tagliente (Veneto, Northern Italy): coexistence and interaction of two concepts of 
tools. Journal of Lithic Studies.  
Carmignani L, Romagnoli F. (in press) - Grotta Bernardini (scavi E. Borzatti von Lowenstern): 
revisione delle industrie litiche e loro inquadramento nel contesto musteriano salentino. In: 
Studi di Preistoria e Protostoria italiana. «Atti della XLVII Riunione Scientifica Preistoria 
e Protostoria Della Puglia, 9-13 October 2012».  
Carmignani, L. Sarti, L. (in press) - Blade and bladelet reduction systems in the Italian Middle 
Paleolithic. The case of Grotta del Cavallo, (Nardò – Lecce). Cambridge: University 
Cambridge Press.  
Cattani L, Renault-Miskovsky J. 1989 - La réponse des végétations aux variations climatiques 
quaternaires autour des sites archéologiques du sud de la France et du nord de l’Italie. Il 
Quaternario, 2 (2): 147-170.  
Cauche D. 2007 - « Les cultures moustériennes en Ligurie italienne : analyse du matériel lithique 
de trois sites en grotte », L’Anthropologie, 111, 254-289. 
Cauche D, Lebègue F. 2008 - Technologie et typologie des industries moustériennes des grottes 
de Grimaldi dans le contexte des cultures du Paléolithique moyen de l’Europe 
méditerranéenne. Archive de l’insitute de paleontologiel humaine, 39: 95-100.  
Cecchetti A.  2003 - Il Musteriano di Grotta del Cavallo (LE): analisi dei dati faunistici dello 
strato L, doctoral the- sis, Università degli Studi di Siena.  
Chabai VP, Monigal K. Marks AE. 2004 - The Middle Paleolithic and Early Upper Paleolithic 
of Eastern Crimea. The Paleolithic of Crimea, III. ERAUL 104. 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 177 
Chabai V, Richter J, Uthmeier Th eds. 2006 -  Kabazi II: The 70 000 Years since the Last 
Interglacial. – Simferopol - Cologne: Shlyakh; p. 453 ISBN 966-650-217-8  
Chabai VP, Sitlivyj V. 1994 - The blade component in the Middle Palaeolithic of Ukraine: origin 
and evolution. In: Les industries laminaires au Paléolithique moyen, (Révillion S., & 
Tuffreau, A., Eds.), Dossier de Documentation archéologique Vol. 18, CNRS Éditions, 
Paris: 161-177. 
Chabai VP, Marks AE, Monigal K.  2004 - Crimea in the context of the Eastern European 
Middle Paleolithic and Early Upper Paleolithic. In: Chabai V.P. Monigal & Marks (Eds.), 
The Middle Paleolithic and Early Upper Paleolithic of Eastern Crimea, ERAUL 104, Liége: 
419-460. 
Chacón MG, Détroit F, Coudenneau A, Moncel MH. 2016 -Morphometric Assessment of 
Convergent Tool Technology and Function during the Early Middle Palaeolithic: The Case 
of Payre, France. PloS one. 11(5): e0155316.  
Chalard P, Faivre JP, Jarry M, Jaubert J, Mourre V, Turq A.  2007 -  Espace du Paléolithique 
moyen. Témoins d’utilisation de silex allochtones en Quercy (France), in J. Évin (ed.), Un 
siècle de construction du discours sci- enti que en Préhistoire, proceedings of the 26th 
Congrès préhistorique de France (Avignon, 21 – 25 September 2004), Paris, Société 
préhistorique française, vol. 3, p. 217 – 235.  
Chevrier B, Koehler H. 2013 - Approche multiscalaire et Préhistoire: Proposition Pour un 
renouvellement de la vision géographique et culturelle du Paléolithique inferieur et moyen. 
Rencontre jeunes chercheurs – 21-22 novembre 2013, Université de Franche-Comté 
(Frasne, 25). 1-15 
Clark G. 1969 - World Prehistory. A New Outline. Cambridge University Press.  
Cliquet D. 1992 - Le gisement paléolithique moyen de Saint-Germain-des-Vaux/Port-Racine 
(Manche) dans son cadre régional: essai palethnographique. PhD Thesis, University of Paris 
1, Paris, 648 p. (in France) (The Middle Paleolithic site of Saint-Germain-des-Vaux/Port-
Racine in its regional context: a paletnografich test).  
Commissione Italiana di Stratigrafia della Società Geologica Italiana 2003 -  Catalogo delle 
formazioni geologiche Italiane: calcari di Melissano, worksheet no. 3002, scheda compilata 
da Fabio Massimo Petti e Riccardo Pampaloni 1998, revisione e messa in rete 2003.  
Conard NJ. 1990 - Laminar lithic assemblages from the last interglacial complex in 
Northwestern Europe. Journal of anthropological Research. 46: 243-262. 
Conard NJ, Adler DS. 1997 - Lithic Reduction and Hominid Behavior in the Middle Palaeolithic 
of the Rhineland. Journal of Anthropological Research, 53(2): 147-175. 
Cook J. 1986 - A blade industry from Stoneham’s Pit, Crayford (Kent). In: The Palaeolithic of 
Britain and its Nearest Neighbours: Recent Trends, (Collcutt, S.N., Ed.), Department of 
Prehistory & Archaeology, University of Sheffield, Sheffield: 16-19. 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 178 
Craig O, Biazzo M, Colonese AC, Di Giuseppe Z, Martinez-Labarga C, Lo Vetro D, Lelli R, 
Martini F, Rickards O.  2010 -  Stable Isotope Analysis of Late Upper Palaeolithic Human 
and Faunal Remains from Grotta del Romito (Cosenza), Italy, Journal of Archaeologi- cal 
Science, 37, p. 2504 – 2512.  
Cresswell R. 1983 -Transferts des techniques et chaînes opératoires. Technique et Culture 2. 143-
163.  
Davies, W., White, D., Lewis, M., & Stringer, C. 2015 -  Evaluating the transitional mosaic: 
frameworks of change from Neanderthals to Homo sapiens in eastern Europe. Quaternary 
Science Reviews, 118(0), 211-242.  
Daujeard C, Moncel MH. 2010 - On Neanderthal subsistence strategies and land use: A regional 
focus on the Rhone Valley area in southeastern France. Journal of Anthropological 
Archaeology. 29(3):368–91. 
Daujeard C, Moncel MH, Rivals F, Fernandez P, Aureli D, Auguste P, Bocherens H, Crégut-
Bonnoure É, Debard É, Liouville M. 2011 - What Occupation type in the Unit F at Payre 
(Ardèche, France)? A SpecialisedHunting Stop or a Short-term Camp? An example of a 
Multidisciplinary Approach. In: Bon, Fr., Costamagno, S., Valdeyron, N. (Eds.), Hunting 
Camps in Prehistory. Current Archaeological Approaches, Proceedings of the International 
Symposium, University, Toulouse II, Le Mirail, P@lethnology. vol. 3: 77–101.  
Daujeard C. 2008 - Exploitation du milieu animal par les Néandertaliens dans le Sud-Est de la 
France. Oxford: BAR International Series S1867. Archaeopress;  
Dauvois M. 1976 - Précis de dessin dynamique et structural des industries lithiques préhistoriques. 
Périgueux. Pierre Fanlac, 264 p.  
De Stefani M, Dini M, Klempererova H, Peresani M, Ranaldo F, Ronchitelli A, Ziggiotti S. 
2012 - Continuity and replacement in flake production across the Middle-Upper 
Palaeolithic transition: a view over the Italian Peninsula. In: Flakes not Blades: The Role of 
Flake Production at the Onset of the Upper Palaeolithic in Europe, (Pastoors, A., & Peresani, 
M., Eds.), Wissenschaftliche Schriftendes Neanderthal Museums 5, Mettmann: p. 135-151. 
Delagnes A, Féblot-Augustins J, Meignen L, Park SJ.  2006 -  L’exploitation des silex au 
Paléolithique moyen dans le bassin de la Charente: qu’est-ce qui circule, com- ment... et 
pourquoi ?, Bulletin de liaison et d’information de l’Association des archéologues de 
Poitou-Charentes, 35, p. 15 – 24.  
Delagnes A, Rendu W.  2011 - Shifts in Neandertal Mobil- ity, Technology and Subsistence 
Strategies in Western France, Journal of Archaeological Science, 38, p. 1771 – 1783.  
Delagnes A. 1993 - Un mode de production inédit au Paléolithique moyen dans l'industrie du 
niveau 6e du Pucheuil (Seine-Maritime). Paléo, 5: 111-120.  doi:10.3406/pal.1993.1106 (in 
France) (An inusual type of production in the Middle Paleolithic found in the level 6e of 
Pucheuil). 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 179 
Delagnes A, Meignen L. 2006 - Diversity of lithic production systems during the Middle 
Paleolithic in France, in: Hovers, E. and Kuhn, S.L. (eds). Transitions before the transition. 
Springer, 85-107.  
Delagnes A, Ropars A. 1996 - Paléolithique moyen en pays de Caux (Haute-Normandie). Le 
Pucheuil, Etoutteville: deux gisements de plein air en milieu loessique Vol. 56. Éditions de 
la Maison des sciences de l'homme. 243 p.  
Demars PY.  1998 -  Circulation des silex dans le Nord de l’Aquitaine au Paléolithique supérieur. 
L’occupation de l’espace par les derniers chasseurs-cueilleurs, Gallia Préhistoire, 40, p. 1 – 
28.  
Depaepe P, Antoine P, Guerlin O, Swinnen C. 1999 - Le gisement paléolithique moyen de 
Blangy-tronville (Somme). Revue Archéologique de Picardie, Vol. 3, num 1: 3-21.  
Desclaux E, El Hazzazi N, Vilette P, Dubar M. 2008 - Le contexte paléoenvir- onnemental des 
occupations humaines. L’apport de la microfaune, des restes aviaires et de la malacofaune. 
In: Moncel (dir.), M.H. (Ed.), Le site de Payre, occupations humaines dans la vallée du 
Rhône à la fin du Pléistocène moyen et au début du Pléistocène supérieur. Mémoire de la 
Société Préhistorique Française XLVI, 91-106.  
Dibble H, Bar-Yosef O. 1995 - The definition and interpretation of Levallois technology. 
Madison WI: Prehistory.  
Dini M, Koehler H. 2009 - The contribution of new methodological approaches to explaining 
the Final Middle Paleolithic of the Apuane Alps (Tuscany, Italy). Human Evolution, 24(1): 
13-25. 
Dini M, Mezzasalma S, Tozzi C. 2007 - Il Paleolitico medio di Grotta La Fabbrica (Parco 
dell’Uccellina - Grosseto) In: Atti del Museo di Storia Naturale della Maremma, 
supplemento al n. 22. 31-52. 
Dobosi VT.  1991 -  Economy and Raw Material: a Case Study of Three Upper Palaeolithic Sites 
in Hungary, in A. Montet-White and S. Holen (eds.), Raw Material Econ- omies among 
Prehistoric Hunter-Gatherers, Lawrence (Kans.), University of Kansas, p. 197 – 203.  
Dorale JA, Onac BP, Fornós JJ, Ginés J, Ginés A, Tuccimei P, Peate DW.  2010 - Sea-Level 
Highstand 81,000 Years Ago in Mallorca, Science, 327, p. 860 – 863.  
Douka, K., Higham, T. F. G., Wood, R., Boscato, P., Gambassini, P., Karkanas, P., 
Ronchitelli, A. M. 2014 -  On the chronology of the Uluzzian. Journal of Human Evolution, 
68, 1-13.  
Duke C, Steele J.  2010 - Geology and Lithic Procurement in Upper Palaeolithic Europe: a 
Weights-of-Evidence Based GIS Model of Lithic Resource Potential, Journal of Archae- 
ological Science, 37, p. 813 – 824.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 180 
Eixea A, Roldán C, Villaverde V, Zilhão J.  2014 -  Middle Palaeolithic Flint Procurement in 
Central Mediter- ranean Iberia: Implication for Human Mobility, Journal of Lithic Studies, 
1, p. 103 – 115.  
Eixea A, Villaverde V, Zilhão J.  2011 -  Aproximación al aprovisionamento de materias primas 
líticas en el yacimiento del Paleolítico medio del Abrigo de la Quebrada (Chelva, Valencia), 
Trabajos de prehistoria, 68, p. 65 – 78.  
Elston RG.  1992 - Economics and Strategies of Lithic Production at Tosawihi, in R. G. Elston 
and C. Raven (eds.), Archaeological Investigations at Tosawihi, A Great Basin Quarry, 1. 
The Periphery, vol. 1, report prepared for the Bureau of Land Management, Elko Resource 
Area, Nevada, Inter-mountain Research and Bureau of Land Management, p. 775 – 801.  
Faivre JP.  2011 - Organisation techno-économique des systèmes de production dans le 
Paléolithique moyen récent du Nord-Est aquitain, Oxford, Archaeopress (BAR, Interna- 
tional Series 2280), 244 p.  
Faivre JP. 2012 - A material anecdote but technical reality. Bladelet and small blade production 
during the recent Middle Paleolithic Combe-Grenal rock shelter. Lithic Technology, 37(1): 
5-24 
Féblot-Augustins J. 1993 -  Mobility Strategies in the Late Middle Palaeolithic of Central Europe 
and Western Europe: Elements of Stability and Variability, Journal of Anthropo- logical 
Archaeology, 12, p. 211 – 265.  
Féblot-Augustins J. 1997 - La circulation des matières premières au Paléolithique. Synthèse des 
données, per- spectives comportementales, Liège, university of Liège (ERAUL, 75), 275 p.  
Féblot-Augustins J.  1999 -Raw Material Transport Pat- terns and Settlement Systems in the 
European Lower and Middle Palaeolithic: Continuity, Change and Variability, in W. 
Roebroeks and C. Gamble (eds.), The Middle Palae- olithic Occupation of Europe, Leiden, 
University of Leiden, p. 193 – 214.  
Féblot-Augustins J. 2009 -  Revisiting European Upper Paleolithic Raw Material Transfers: the 
Demise of the Cul- tural Ecological Paradigm?, in B. Adams and B. S. Blades (eds.), Lithic 
Materials and Paleolithic Societies, Chichester, Wiley-Blackwell, p. 25 – 46.  
Féblot-Augustins J, Parks SJ, Delagnes A.  2005 - Lithothèque du bassin de la Charente, conseil 
des musées de Poitou-Charentes [on-line: www.alienor.org/articles/ lithotheque/index.htm].  
Fernandes P, Moncel MH, Lhomme G. 2010 - Ressources minérales et comportements au 
Paléolithique moyen: Payre et l'Abri des Pêcheurs (Ardèche, France). Rivista di Scienze 
Preistoriche LVII; 31-42.  
Fernandes P, Raynal JP, Moncel MH, 2008 - Middle Palaeolithic raw material gathering 
territories and human mobility in the southern Massif Central, France: first results from a 
petro-archaeological study on flint. Journal of Archaeological Science 35: 2357-2370.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 181 
Fernandes P, Le Bourdonnec FX, Raynal JP, Poupeau G, Piboule M, Moncel MH. 2007 - 
Origins of Pre- historic Flints: the Neocortex Memory Revealed by Scan- ning Electron 
Microscopy, Palevol, 6, p. 557 – 568.  
Fernandes P, Raynal JP. 2006 - Pétroarchéologie du silex : un retour aux sources, Palevol, 5, p. 
829 – 837.  
Fernandes P, Raynal JP, Moncel MH.  2006 -  L’espace minéral au Paléolithique moyen dans 
le Sud du Massif central : premiers résultats pétroarchéologiques, Palevol, 5, p. 981 – 993.  
Fernandes P, Raynal JP, Moncel MH. 2008 -  Middle Palaeolithic Raw Material Gathering 
Territories and Human Mobility in the Southern Massif Central, France: First Results from 
a Petro-Archaeological Study on Flint, Journal of Archaeological Science, 35, p. 2357 – 
2370.  
Fernandez P. 2001 - Étude paléontologique et archéozoologique des niveaux d'occupations 
moustériens au Bau de l'Aubesier (Monieux, Vaucluse): implications biochronologiques et 
palethnologiques. PhD Thesis. Lyon 1. 
Fernandez P. 2006 - Etude Paléontologique des Ongulés du Moustérien du Bau de l’Aubesier 
(Vaucluse, France): Morphométrie et Contexte Biochronologique. Documents du 
Laboratoire de Géologie de Lyon 161: 231 pp. 
Fernandez JMM, Cabrera-Valdès Bernaldo de Quiros V. 2004 - Le débitage lamellaire dans 
le Moustérien final de Cantabrie (Espagne): le cas de El Castillo et Cueva Morin. 
L’Anthropologie, Préhistoire Européenne 108, 367–395. 
Fontana F, Moncel MH, Nenzioni G, Onorevoli G, Peretto C, Combier J. 2013 - Widespread 
diffusion of technical innovations around 300,000 years ago in Europe as a reflection of 
anthropological and social transformations? New comparative data from the western 
Mediterranean sites of Orgnac (France) and Cave dall’Olio (Italy). Journal of 
Anthropological Archaeology, 32(4): 478-498.  
Fontana F, Nenzioni G, Peretto C. 2010 - The southern Po plain area (Italy) in the mid-late 
Pleistocene: Human occupation and technical behaviours. Quaternary International. 223-
224, 465-471.  
Fontana F, Peretto C, Nenzioni G. 2009 - First recognition of predetermined core reduction 
sequences in the Southern Po Plain area before MIS 8 at the site of Cave dall’Olio (Bologna, 
Italy): an “ancient series” revisited. Human Evolution. 24(1): 43-56.  
Forestier H. 1993 - Le Clactonien: Mise en application d'une nouvelle méthode de débitage 
s'inscrivant dans la variabilité des systèmes de production lithique du Paléolithique ancien. 
Paléo, 5: 53-82. (in France) (The Clactonian: The use of a new flaking strategy inside the 
flaking systems variability of the ancient Paleolithic) URL: 
http://www.persee.fr/doc/pal_1145-3370_1993_num_5_1_1104 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 182 
Gagnepain J, Gaillard C, Notter O, others. 2004 - La composante laminaire dans les industries 
lithiques du Paléolithique moyen du Verdon (sud-est de la France). In: ‘Le Paléolithique 
moyen/The Middle Palaeolithic’, Actes du colloque UISPP. 57–65.  
Gagnepain J, Gaillard C. 2003 - La grotte de la Baume Bonne (Quinson, Alpes de Haute-
Provence): synthèse chronostratigraphique et séquence culturelle d’après les fouilles 
récentes (1988-1997). In: La grotte de la Baume Bonne (Quinson, Alpes de Haute-
Provence): synthèse chronostratigraphique et séquence culturelle d’après les fouilles 
récentes (1988-1997). John and Erica Hedges Ltd; 73–86.  
Gagnepain J, Gaillard C. 2005 - La grotte de la Baume Bonne (Quinson, Alpes-de-Haute-
Provence): synthèse chronostratigraphique et séquence culturelle d’après les fouilles 
récentes (1988-1997). In Molines Nathalie, Moncel Marie-Hélène & Monnier Jean-Laurent 
(Eds), Les premiers peuplements en Europe, Colloque international Données récentes sur 
les modalités de peuplement et sur le cadre chronostratigraphique, géologique et 
paléogéographique des industries du Paléolithique ancien et moyen en Europe (Rennes, 22-
25 septembre 2003), John and Erica Hedges Ltd, Oxford. British Archaeological Reports, 
International Series. S1364: 73-87.  
Gambassini P. 1997 - Il Paleolitico di Castelcivita: culture e ambiente. Materiae Vol. 5. Electa 
Napoli, Napoli, 159 p.  
Gamble C, Roebroeks W. 1999 - The Middle Paleolithic: a point of inflexion, in: Roebroeks, W. 
and Gamble, C. (eds). The Middle Paleolithic occupation of Europe. Leiden: Leiden 
University Press, pp. 3-21.  
García-Medrano P, Ollé A, Mosquera M, Cáceres I, Carbonell E. 2015 -  The nature of 
technological changes: The Middle Pleistocene stone tool assemblages from Galería and 
Gran Dolina-subunit TD10.1 (Atapuerca, Spain). Quaternary International. 368: 92–111.  
Geneste JM. 1988 - Les industries de la Grotte Vaufrey: technologie du débitage, économie et 
circulation de la matière première, in J. P. Rigaud (ed.), La grotte Vaufrey. 
Paléoenvironnement, chronologie, activités humaines, Paris, Société préhistorique 
française (Mémoire, 19), p. 441 – 519.  
Geneste JM. 1989 - Systèmes d’approvisionnement en matières premières au Paléolithique 
moyen et au Paléo- lithique supérieur en Aquitaine, in J. K. Kozłowski (ed.), L’homme de 
Néandertal, 8. La mutation, proceedings of the international conference (Liège, 4 – 7 
December 1986), Liège, University of Liège (ERAUL, 35), p. 61 – 70.  
Geneste JM. 1991a - L’approvisionnement en matière première dans les systèmes de production 
lithique: la dimension spatiale de la technologie In : Tecnologia y cadenas operativas liticas, 
Treballs d’arqueologia I, reunión internacional; R. Mora, X. Terradas, A. Parpal and C. 
Plana (eds.). : 1–36. Universitat Autonoma Barcelona, Barcelona. 
Geneste JM. 1991b - Systèmes techniques de production lithique: variations techno-
économiques dans les processus de réalisation des outillages paléolithiques. Techniques et 
culture.; 17-18: 1-35.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 183 
Gopher A, Ayalon A, Bar-Matthews M, Barkai R, Frumkin A, Karkanas P, et al. 2010 - The 
chronology of the late Lower Paleolithic in the Levant based on U–Th ages of speleothems 
from Qesem Cave, Israel. Quaternary Geochronology; 5(6): 644–56. 
Gopher A, Barkai R, Shimelmitz R, Khalaily M, Lemorini C, Hershkovitz I, Stiner M. 2005 
- “Qesem Cave: An Amudian site in central Israel”, Journal of the Israel Prehistoric Society, 
35, p. 69-92.  
Gouédo JM. 1994 - Remontage d'un nucleus à lames du gisement micoquien de Vinneuf (Yonne). 
In: Les Industries laminaires au Paléolithique moyen (Tuffreau, A., & Revillon, S., Eds.)., 
Dossier de Documentation Archéologique 18, CNRS Éditions, Paris: 77-102. 
Gouédo JM, Bats JC, Krier V. Pernot P, Ricard JL. 2004 - Le gisement moustérien de la 
"Butte d'Arvigny", commune de Moissy-Cramayel (Seine-et-Marne). Premiers résultats. 
Bulletin de la Société préhistorique française, 91(6): 369-377.  (in France) (Le site of Butte 
d’Arvigny, municipality of Moissy-Cramayel, Seine-et-Marne. First results.) 
Goval E, Hérisson D. 2006 - Coexistence des chaînes opératoires Levallois et laminaires au sein 
des assemblages C12 et C de Riencourt-lès-Bapaume (Pas-de-Calais, France). Notae 
Prehistoricae, 26: 25-39. (in France) (Coexistence of Levallois and laminar flaking 
strategies in the C12 and C levels of Riencourt-lès-Bapaume, Pas-de-Calais, France) 
Grimaldi S. 1996 - Mousterian reduction sequences in central Italy. Quaternaria Nova, 6 (Nuova 
Serie): 279-310. 
Grimaldi S, Santaniello F. 2014 - New insights into Final Mousterian lithic production in 
western Italy. Quaternary International, 350: 116-129.  
Grün R, Aubert M, Joannes-Boyau R, Moncel MH. 2008 - High resolution analysis of uranium 
and thorium concentration as well as U-series isotope distributions in a Neanderthal tooth 
from Payre (Ardèche, France) using laser ablation ICP-MS. Geochimica et Cosmochimica 
Acta. 72(21):5278–90.  
Guilbaud M, Carpentier G. 1995 - Un remontage exceptionnel à Tourville-la-Rivière (Seine- 
Maritime). Bulletin de la Société préhistorique française, 92: 289-295. (in France) (An 
exceptional refitting at Tourville-la-Rivière, Seine- Maritime) 
Hardy B, Moncel M-H. 2011 -  Neanderthal use of fish, mammals, birds, starchy plants and 
wood 125-250,000 years ago. PloS one 6(8): e23768. 
Heinzelin J, Haesaerts P. 1983 - Un cas de débitage laminaire au Paléolithique ancien: Croix-
l’Abbé à Saint-Valery-sur-Somme. Gallia préhistoire. 26(1): 189-201.  
Haesaerts P & Koulakovskaya L. V. 2006 -  La séquence paléosedi- mentaire de Korolevo 
(Ukraine transcarpathique): contexte chro- nostratigraphique et chronologique. In L. V. 
Koulakovskaya (Ed.), The European Middle Paleolithic (pp. 21–38). Kiev: Shlyakh.  
Higham T, Douka K, Wood R, Ramsey C. B, Brock F, Basell L. Jacobi, R. 2014 - The timing 
and spatiotemporal patterning of Neanderthal disappearance. Nature, 512(7514), 306-309.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 184 
Hong MY. 1993 - Le Paléolithique inferieur de l'abri de la Baume Bonne (Quinson, Alpes-de-
Haute-Provence). Etude technologique et typologique de l'industrie lithique (Unpublished 
Phd). Muséum National d'Histoire Naturelle, Paris. p. 310.  
Hublin, J.-J. 2015 - The modern human colonization of western Eurasia: when and where? 
Quaternary Science Reviews, 118, 194-210.  
Inizan ML, Reduron M, Roche H, Tixier J. 1995 - Technologie de la pierre taillée. Paris, 
Editions du CNRS et Université de Paris X – Nanterre. p.199 
Jarman MR, Webley D.  1975 - Settlement and Land Use in Capitanata, Italy, in E. S. Higgs 
(ed.), Palaoeconomy, Cambridge, Cambridge University Press, p. 177 – 221.  
Jelinek AJ. 1975 - “A preliminary report on some Lower and Middle Palaeolithic industries from 
the Tabun Cave, Mount Carmel (Israel)”, In Wendorf F. and Marks A. Eds. : Problems in 
Prehistory : North Africa and the Levant, p. 297-315.  
Jelinek AJ. 1981 - “The Middle Palaeolithic in the Southern Levant from the perspective of 
Tabun Cave”, In Cauvin J. et Sanlaville P. Eds. Préhistoire du Levant, Paris, CNRS, p. 265- 
281.  
Jelinek AJ. 1990 - “The Amudian in the Context of the Mugharan Tradition at the Tabun Cave 
(Mount Carmel), Israel”, In Mellars P. Dir.: The Emergence of Modern Humans. An 
Archaeological Perspective, Edinburgh, Edinburgh University Press, p. 81-90.  
Johnson CR, McBrearty S. 2010 - 500,000 year old blades from the Kapthurin Formation, 
Kenya. Journal of Human Evolution; 58(2):193–200. 
Kaczanowska, M., Kozłowski, J., & Sobczyk, K. 2010 -  Upper Palaeolithic human occupations 
and material culture at Klissoura Cave 1. Eurasian Prehistory, 7(2), 133-285.  
Kaufman D.  2002 -  Redating the Social Revolution: the Case for the Middle Paleolithic, Journal 
of Anthropological Research, 58, p. 477 – 492.  
Kelly RL.  1988 - The Three Sides of a Biface, American Antiquity, 53, p. 717 – 734.   
Koehler H, Drwila G, Duplessis M, Locht J-L. 2014 - Représentativité et mobilité du débitage 
laminaire au Weichsélien ancien dans le Bassin parisien. Bulletin de la Société préhistorique 
française;111(1): 5–17.  
Koehler H. 2011 - Comportements et identité techniques au Paléolithique moyen (Weichsélien 
ancien) dans le bassin parisien: une question d’échelle d’analyse? Doctoral Thesis, 
University of Nanterre, Presses Universitaires de Paris Ouest.  
Koehler H. 2011 "Blade production in the early phase of the Middle Paleolithic at Bapaume-Les 
Osiers (Pas-De-Calais, France): comments on the Distinction between the early and late 
phases of the Middle Paleolithic." Neanderthal Lifeways, Subsistence and Technology. 
Springer Netherlands:  111-120. 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 185 
Koehler H, Debenham N. 2009 -  Angé (Loir-et-Cher): un site moustérien à influences multiples. 
Mémoire 59 de la Société préhistorique française; p. 101 -125  
Koehler H. 2008 -  L’apport du gisement des Osiers à Bapaume (Pas-de-Calais) au débat sur 
l’émergence du Paléolithique moyen dans le Nord de la France. Bulletin de la Société 
préhistorique française. 105(4): 709-735. 
Kuhn S.  1992 -  On Planning and Curated Technologies in the Middle Paleolithic, Journal 
of Anthropological Research, 48, p. 185 – 214.  
Kuhn S.  1995 -  Mousterian Lithic Technology. An Ecological Perspective, Princeton, Princeton 
University Press, 209 p.  
Kuhn S.  2004 - Upper Paleolithic Raw Material Economies at Üçağizli Cave, Turkey, Journal 
of Anthropological Archaeology, 23, p. 431 – 448.  
Kuhn, S. L. 2013 -  Roots of the Middle Paleolithic in Eurasia. Current Anthropology, 54(S8), p. 
255-268.  
Lamotte A, Tuffreau, A. 2001 - Les industries acheuléennes de Cagny (Somme) dans le contexte 
de l'Europe du Nord-ouest. In: Tuffreau, A. (Ed.), L'Acheuléen Dans La Valle e de La 
Somme et Paléolithique Moyen Dans Le Nord de La France: Donne es Récentes. CERP: 
149-153.  
Lamotte A. 1995 - Donne es nouvelles sur l'Acheuléen de l'Europe du Nord-Ouest. Bulletin de 
la Société préhistorique française. 92: 193-200.  
Largaiolli T, Martinis B, Mozzi G, Nardin M, Rossi D, Ungaro S.  1969 - Note illustrative 
della Carta Geo- logica d’Italia alla Scala 1:100.000, Foglio 214 Gallipoli, Napoli, 
Ministero dell’Industria, del Commercio e dell’Ar- tigianato, Direzione Generale delle 
Miniere, Servizio Geo- logico d’Italia, Poligra ca & Cartevalori, Ercolano.  
Larson ML, Kornfeld M.  1997 -  Chipped Stone Nodules: Theory, Method, and Examples, 
Lithic Technology, 22, p. 4 – 18.  
Lazuén T, Delagnes A. 2014 - Lithic Tool Management in the Early Middle Paleolithic: an 
Integrated Techno-Func- tional Approach Applied to Le Pucheuil-Type Production (Le 
Pucheuil, Northwestern France), Journal of Archaeolo- gical Science, 52, p. 337 – 353.  
Lazzari M, Pieri P. 2002 - Modello stratigra co-deposiz- ionale della successione regressiva 
infrapleistocenica della Fossa Bradanica nell’area compresa fra Lavello, Genzano e 
Spinazzola, Memorie della Società Geologica Italiana, 57, p. 231 – 237.  
Lazzari M. 2008 - Il comportamento tettonico e sediment- ario del bacino d’avanfossa Bradanica 
durante il Pleistocene inferiore, Memorie Descrittive della Carta Geologica d’Italia, 77, p. 
61 – 76.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 186 
Le Tensorer JM. 2005 - Le Yabroudien et la transition du Paléolithique ancien au Paléolithique 
moyen en Syrie: l'exemple d'El Kowm. In: Homenaje a Jesus Altuna, Munibe, Eds. 57 (2) 
San Sebastian: p. 71-82.  
Lebel S, Trinkaus E, Faure M, Fernandez P, Guérin C, Richter D, Mercier N, Valladas H, 
Wagner GA. 2001 - Comparative morphology and paleobiology of Middle Pleistocene 
human remains from the Bau de l'Aubesier, Vaucluse, France. Proc. Natl. Acad. Sci. 98: 
11097-11102. 
Lebel S, Trinkaus E. 2002 - Middle Pleistocene human remains from the Bau de l'Aubesier. J. 
Hum. Evol. 43: 659-685. 
Lebel S. 2000a - Le Bau de l'Aubesier, Monieux, Vaucluse: Fouilles 1998-1999-2000. Report 
Presented to the Ministére de la Culture et de la Communication de France., DRAC-PACA, 
Aix-en-Provence.  
Lebel S. 2000b - Monieux: Bau de l'Aubesier. In: Bilan Scientifique 1999. Service Régional de 
l’Archéologie. DRAC-PACA, Aix-en-Provence: 179-180.  
Lemorini C, Stiner MC, Gopher A, Shimelmitz R, Barkai R. 2006 - Use-wear analysis of an 
Amudian laminar assemblage from the Acheuleo-Yabrudian of Qesem Cave, Israel. Journal 
of Archaeological Science. Jul; 33(7):921–34. 
Lemorini C. 2000 - Reconnaître des tactiques d'exploitation du milieu au Paléolithique moyen. 
La contribution de l'analyse fonctionnelle ; étude fonctionnelle des industries lithiques de 
la Grotta Breuil (Latium, Italie) et de la Combette (Bonnieux, Vaucluse, France), BAR 
international Séries 858. 
Li YH, Bodin É. 2013 - Variabilité et homogénéité des modes de débitage en Chine entre 300.000 
et 50.000 ans. L’Anthropologie, 117(5): 459-493. (in France) (Variability and homogeneity 
of the reduction strategy in China between 300.000 and 50.000 years.  
doi:10.1016/j.anthro.2013.10.001 
Loch JL. 2002 - Bettencourt-Saint-Ouen (Somme): cinq occupations paléolithiques au début de 
la dernière glaciation. Documents d’archéologie Française no. 90. Maison des Sciences de 
l’Homme, Paris: p. 5-169.  
Locht JL, Antoine P, Hérisson D, Gadebois G, Debenham N. 2010 -  Une occupation de la 
phase ancienne du Paléolithique moyen à Therdonne (Oise). Chronostratigraphie, 
production de pointes Levallois et réduction des nucleus. Gallia Préhistoire. 52: 1-32. 
Locht JL, Swinnen C. 1994 - Le débitage discoïde du gisement de Beauvais (Oise) : aspects de 
la chaîne opératoire au travers de quelques remontages, Paléo, 6, p. 89 – 104.  
Locht JL, Depaepe P. 1994 - Exemples de débitage laminaire dans cinq sites de la vallée de la 
Vanne (Yonne): In: Les industries laminaires au Paléolithique moyen (Tuffreau, A., & 
Revillon, S., Eds.). Dossier de Documentation Archéologique, 18, CNRS Éditions, Paris: p. 
103-116.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 187 
Locht L, Caspar JL, Djemmali JP, Coutard N, Kiefer S, Koelher H., Soressi M, Debenham 
N, & Teheux E. 2008 - Le gisement paléolithique moyen d'Angé (Loir-Et-Cher). Industries 
lithiques et chronostratigraphie. DFS, INRAP Centre-ile-de-France. SRA Centre. 
Locht JL, Ferdouel F. 1994 - Lailly / Le Domaine de Beauregard (vallée de la Vanne). In: Le 
Paléolithique moyen dans le nord du Sénonais (Yonne), (Deloze, V., Depaepe, P., Gouédo, 
J.-M., Krier, V., &, Locht, J.-L., Eds.), Maison des sciences de l’Homme, Paris: p. 139-162. 
(in France) (Lailly / Le Domaine de Beauregard (Vanne valley). 
Locht JL, Antoine P, Hérisson D, Gadebois G, Debenham N. 2010 - Une occupation de la 
phase ancienne du Paléolithique moyen à Therdonne (Oise) Chronostratigraphie, 
production de pointes Levallois et réduction des nucléus Gallia Préhistoire, 52, 1-32. 
Luedtke BE. 1992 -  An Archaeologist’s Guide to Chert and Flint, Los Angeles, University of 
California, 172 p.  
Maíllo-Fernández JM. 2001 - Aproximación al fenómeno laminar en el Paleolítico medio: el 
ejemplo de la Cueva Morín (Villanueva de Villaescusa, Cantabria). Espacio Tiempo Y 
Forma. Serie I, Prehistoria Y Arqueología, (14).  
Maíllo-Fernández, JM, Cabrera-Valdès V, Bernaldo de Quirós F. 2004 - Le débitage 
lamellaire dans le Moustérien final de Cantabrie (Espagne): le cas de El Castillo et Cueva 
Morin. L’Anthropologie, 108(3-4), 367-393. 
Martini F, Beccaro P, Ghinassi M, Martino G.  2003 -  Le materie prime delle industrie litiche 
del Paleolitico superiore e del mesolitico di Grotta della Serratura (Marina di Camerota). 
Prima caratterizzazione degli areali e delle modalità di raccolta, Rivista di Scienze 
Preistoriche, 53, p. 163 – 193.  
Martini F, Beccaro P, Ghinassi M, Martino G.  2006 - Caratterizzazione degli areali e modalità 
di raccolta della materia prima litica nel Paleolitico superiore e nel Meso- litico in area 
calabro-campana: i casi studio di Grotta del Romito e di Grotta della Serratura, in D. Cocchi 
Genick (ed.), Materie prime e scambi nella preistoria italiana, pro- ceedings of the 
XXXIXth Riunione Scienti ca dell’Istituto Italiano di Preistoria e Protostoria (Firenze, 25 
– 27 Novem- ber 2004), Firenze, Istituto Italiano di Preistoria e Protosto- ria, p. 241 – 252.  
Martini F, Cilli C, Colonese AC, Di Giuseppe Z, Ghinassi M, Govoni L, Lo Vetro D, Martino 
G, Ricciardi S.  2007 - L’Epigravettiano tra 15.000 e 10.000 anni da oggi nel basso versante 
tirrenico: casi studio dell’area calabro-campana, in F. Martini (ed.), L’Italia tra 15.000 e 
10.000 anni fa: cosmopolitismo regionalità nel tardoglaciale, proceedings of the round table 
(Firenze, 18 novembre 2005), Florence, Museo orentino di preistoria « Paolo Graziosi » 
(Millenni, 5), p. 157 – 207.  
Martini F, Lo Vetro D, eds.  2011 - Grotta del Romito a Papasidero. Uomo, ambiente e culture 
nel Paleolitico della Calabria. Ricerche 1961-2011, Guide del Museo e Istituto Fiorentino 
di Preistoria, Editoriale Progetto 2000, 80 p.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 188 
Martini F, Colonese AC, di Giuseppe Z, Ghinassi M, Lo Vetro D, Ricciardi S. 2009 - Human-
Environ- ment Relationships During the Late Glacial-Early Holocene Transition: Some 
Examples from Campania, Calabria and Sicily, Méditerranée, 112, 89 – 94.  
Martinis B. 1968 -  Note geologiche sui dintorni di Casarano e Castro (Lecce), Rivista Italiana 
di Paleontologia e Strati- gra a, 73, p. 1297 – 1380.  
Mathias C. 2016 in press -  After the Lower Palaeolithic: Lithic ramification in the early Middle 
Palaeolithic of Orgnac 3, layer 2 (Ardèche, France). Quaternary International. 
http://dx.doi.org/10.1016%2Fj.quaint.2016.01.033 
McBrearty S, Bishop L, Kingston J. 1996 - Variability in traces of Middle Pleistocene hominid 
behavior in the Kapthurin Formation, Baringo, Kenya. Journal of Human 
Evolution.;30(6):563–80. 
Meignen L. 1994 - Paléolithique moyen au Proche-Orient: le phénomène laminaire. In: Les 
industries laminaires au Paléolithique moyen, (Tuffreau, A., & Revillon, S., Eds.), Dossier 
de Documentation Archéologique, 18, CNRS Éditions, Paris: p. 125-159. (in France) (The 
Middle Paleolithic in the Middle-East: the blade phenomenon.) 
Meignen L. 2007 - Le phénomène laminaire au Proche-Orient, du Paléolithique inférieur aux 
débuts du Paléolithique supérieur. In: Un Siècle de Construction Du Discours Scientifique 
En Préhistoire, XXVI° Congrès de La Société Préhistorique Française, Avignon 2004: p. 
79-94. (in France) (The blade phenomenon in the Middle-East, from the Lower Paleolithic 
to the Upper Paleolithic).   
Meignen L. 2011 - Contribution of Hayonim cave assemblages to the understanding of the so-
called « Early levantine mousterian ». In: The lower and middle palaeolithic in the middle 
east and neighbouring regions, (Le Tensorer, J.-M., Jagher, R., & Otte, M., Eds.), ERAUL, 
126, Liège: p. 85-100.  
Meignen L, Tushabramishvili N. 2006 - Paléolithique moyen Laminaire sur les flancs sud du 
Caucase: productions lithiques et fonctionnement du site de Djruchula (Géorgie). Paléorient, 
32(2): 81-104.  
Meignen L, Tushabramishvili N. 2010 - Djruchula Cave, on the Southern Slopes of the Great 
Caucasus: An Extension of the Near Eastern Middle Paleolithic Blady Phenomenon to the 
North. Journal of The Israel Prehistoric Society, 40: 35-61.  
Mellars P. 1996 - The Neanderthal Legacy. An Archaeolog- ical Perspective from Western 
Europe, Princeton, Princeton University Press, 471 p.  
Mercier N, Valladas H. 2010 - “Dating the Early Middle Palaeolithic Laminar Industry From 
Djuruchula cave, Republic of Georgia”, Paléorient, vol. 36.2, CNRS p. 163-173  
Mercier N, Valladas H, Valladas G, Jelinek A, Meignen L, Joron JL, Reyss JL. 1995 - “TL 
Dates of burnt flints from Jelinek’s excavations at Tabun and their implications”, Journal 
of Archaeological Science, 22, p. 495-509.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 189 
Mercier N, Valladas H. 2003 - Reassessment of TL age-estimates of burnt flints from the 
Paleolithic site of Tabun Cave, Israel. Journal of Human Evolution, 45: 401-409. doi: 
10.1016/j.jhevol.2003.09.004 
Moncel M-H, Allué E, Bailon S, Barshay-Szmidt C, Béarez P, Crégut É, et al. 2015 - 
Evaluating the integrity of palaeoenvironmental and archaeological records in MIS 5 to 3 
karst sequences from southeastern France. Quaternary International. 378: 22–39.  
Moncel MH, Chacón MG, Coudenneau A, Fernandes P. 2009 - Points and convergent tools 
in the European Early Middle Paleolithic site of Payre (SE, France). Journal of 
Archaeological Science. 36 (9):1892–909.  
Moncel MH, Moigne AM, Combier J. 2012 - Towards the Middle Palaeolithic in Western 
Europe: The case of Orgnac 3 (South-Eeastern France). Journal of Human Evolution. 63(5): 
653–666. 
Moncel MH, Chacón Navarro MG, La Porta A, Fernandes P, Hardy B, Gallotti R.  2014 - 
Fragmented Reduction Processes: Middle Palaeolithic Techni- cal Behaviour in the Abri du 
Maras Shelter, Southeastern France, Quaternary International, 350, p. 180 – 204.  
Moncel MH, Arzarello M, Peretto C. (Editorial). 2016 -The Holstainian Eldorado. Quaternary 
International. 409: 1-8. 
Moncel MH, Auguste P, Ayliffe L, Bahain JJ, Bocherens H, Bouteaux A, et al. 2008 - Des 
occupations humaines de la moyenne vallée du Rhône de la fin du Pléistocène moyen et du 
début du Pléistocène supérieur. Mem.Soc. Prehist.Fr. XLVI 336. 
Moncel MH, Crégut-Bonnoure É, Daujeard C, Lartigot AS, Lebon M, Puaud S, Croizet S. 
2008 - Le site de la baume Flandin (commune d’Orgnac-l’Aven) : nouvelles données sur ce 
gisement du Paléolithique moyen.Comptes Rendus Palevol. 7(5):315–325. 
doi:10.1016/j.crpv.2008.03.005 
Moncel MH, Daujeard C, Crégut-Bonnoure É, Boulbes N, Puaud S, Debard É, Bailon S, 
Desclaux E, Escudé É, Roger T, Dubar M. 2010 - Nouvelles données sur les occupations 
humaines du début du Pléistocène supérieur de la moyenne vallée du Rhône (France). Les 
sites de l’Abri des Pêcheurs, de la Baume Flandin, de l’Abri du Maras et de la Grotte du 
Figuier (Ardèche), colloque Q6, Montpellier 2008. Quaternaire. 21 (4): 385-413. 
Moncel MH, Daujeard C. 2012 - The variability of the Middle Palaeolithic on the right bank of 
the Middle Rhône Valley (southeast France): Technical traditions or functional choices? 
Quaternary International, Volume 247, 9; p. 103-124, ISSN 1040-6182, 
http://dx.doi.org/10.1016/j.quaint.2010.10.030. 
Moncel MH, Debard É, Desclaux E., Dubois J, Lamarque F, Patou-Mathis M, Vilette P. 
2002 - Le cadre de vie des hommes du Paléolithique moyen (stades isotopiques 6 et 5) dans 
le site de Payre (Rompon, Ardèche): D'une grotte à un abri sous roche effondré. Bulletin 
De La Société Préhistorique Française. 99(2), 249-273. 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 190 
Moncel MH, Fernandes P, Chacón Navarro G, de Lombera Hermida A, Menéndez Granda 
L, Youcef S, Moigne A-M, Patou-Mathis M, Daujeard C, Rivals F, Valladas H, 
Mercier N, Bahain J-J, Voinchet P, Falguères C, Michel V, Guanjun S, Yokoyama Y, 
Combier J. 2014 -Emergence et diversification des stratégies au Paléolithique moyen 
ancien (350 000 à 120 000 ans) dans la Vallée du Rhône (France), XXVIIème congrès CPF, 
Bordeaux, in : J. Jaubert, N. Froment, P. Depapepe, Transitions, ruptures et continuité en 
Préhistoire, Société Préhistorique Française. volume 2., p. 43-59. 
Moncel MH, Moigne AM, Combier J. 2005 - Pre-Neandertal behaviour during isotopic stage 9 
and the beginning of stage 8. New data concerning fauna and lithics in the different 
occupation levels of Orgnac 3 (Ardèche, South-East France): occupation types. Journal of 
Archaeological Science. 32(9):1283–301. 
Moncel MH, Moigne AM, Combier J. 2012 - Towards the Middle Palaeolithic in Western 
Europe: The case of Orgnac 3 (southeastern France). Journal of Human Evolution. 63 
(5):653–66.  
Moncel MH. 1995 - Biface et outil-biface du Paléolithique moyen ancien : Réflexion à partir des 
sites d’Ardèche-Orgnac 3 et Payre. Paléo. 7(1):157–69.  
Moncel MH. 2005 - Baume Flandin et Abri du Maras: deux exemples de débitage laminaire du 
début du Pléistocène supérieur dans la Vallée du Rhône (sud-est, France). L’Anthropologie. 
109 (3): 451–480. doi:10.1016/j.anthro.2005.06.002 
Moncel MH. 1996 - L’industrie lithique du Paléolithique moyen de l’Abri du Maras (Ardèche) - 
Fouilles R. Gilles et J. Combier - La question des Moustériens tardifs et du débitage 
laminaire au Paléolithique moyen. Gallia Préhistoire 38, 1- 41. 
Moncel MH. 2005 - Baume Flandin et Abri du Maras: deux exemples de débitage laminaire du 
début du Pléistocène supérieur dans la Vallée du Rhône (sud-est, France). L’Anthropologie, 
109(3): 451-480. doi:10.1016/j.anthro.2005.06.002  
Moncel MH, Moigne AM, Youssef S, Combier J. 2011 - The emergence of Neanderthal 
technical behaviour: New evidence from Orgnac 3 (Level 1, MIS 8), South-eastern France. 
Current Anthropology 52 /1, 37-75.  
Moncel MH, Crégut-Bonnoure É, Daujeard C, Lartigot AS, Lebon M, Puaud S, Croizet S. 
2008 - Le site de la Baume Flandin (commune d’Orgnac-l’Aven) : nouvelles données sur 
ce gisement du Paléolithique moyen. Comptes Rendus Palevol, 7(5): 315-325. 
doi:10.1016/j.crpv.2008.03.005 (in France) (The Baume Flandin site, municipality of 
Orgnac-l’Aven): new data of this middle Paleolithic site.) 
Monnier GF, Missal K. 2014 - Another Mousterian Debate? Bordian facies, chaîne opératoire 
technocomplexes, and patterns of lithic variability in the western European Middle and 
Upper Pleistocene. Quaternary International. 350: 59–83.  
Monnier GF. 2006 - The Lower/Middle Paleolithic Periodization in Western Europe: An 
Evaluation. Current Anthropology. 47:709-744. 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 191 
Moulin F. 1903 - L'abri du Bau de l'Aubesier. Bull. Acad. Var 1: 1-84. 
Moulin F. 1904 - L'abri moustérien du Bau de l'Aubesier. Bull. Soc. Préhist. Fr. 1: 14-20.  
Moroni, A., Boscato, P., & Ronchitelli, A. 2013 - What roots for the Uluzzian? Modern 
behaviour in Central-Southern Italy and hypotheses on AMH dispersal routes. Quaternary 
International, 316, 27- 44.  
Nannini L. 2008-2009 - Caratterizzazione geologica, aree di approvvigionamento e modalità di 
raccolta della mate- ria prima silicea nella preistoria: le industrie di Grotta del Romito 
(Cosenza) e di Sesto Fiorentino, doctoral thesis, Università degli Studi di Firenze.  
Negrino F, Starnini E.  2010 - Dinamiche di sfruttamento e circolazione delle materie prime 
silicee per l’industria litica scheggiata in Liguria tra Paleolitico inferiore e Età del Rame, in 
G. Odetti (ed.), L’uomo e la terra ligure: la tra- sformazione e l’adeguamento delle 
popolazioni umane al territorio della Liguria nel corso dei millenni, proceedings of the 
round table (Genova, 10 – 11 February 2005), Geboa, Università degli stuid di Genova, p. 
21 – 34.  
Olivares M, Irazola M, Murelaga X, Baceta JI, Tarriño A, Castro K, Etxebarria N.  2013 - 
Sourcing Sedimentary Cherts with Archaeological Use Through the Combination of 
Chromatographic and Spectroscopic Tech- niques, Applied Geochemistry, 33, p. 252 – 259.  
Olle A, Mosquera M, Rodríguez XP, de Lombera-Hermida A, García-Antón MD, García-
Medrano P, Peña L, Menéndez L, Navazo M, Terradillos M, Bargallo A, Marquez B, 
Sala R, Carbonell E. 2013 - The Early and Middle Pleistocene technological record from 
Sierra de Atapuerca (Burgos, Spain). Quaternary International. 295, 138-167.  
Otte M. 1994a -Rocourt (Liège, Belgique) : industrie laminaire ancienne. In: Revillion, S., 
Tuffreau, A. (Eds.), Les industries laminaires au Paléolithique Moyen. Dossier de 
Documentation Archéologique 18, 180–186. 
Otte M. 1994b - Origine de l’homme moderne: approche comportementale. Comptes Rendus de 
l’Académie des Sciences de Paris 318 (2), 267–273. 
Fernandez P, Faure M, Guerin C, Lebel S. 1998 - Stratégie de chasse des néanderthaliens du 
Bau de l’Aubesier (Monieux, Vaucluse): choix et opportunisme, in: J.P. Brugal, L. Meignen, 
M. Patou-Mathis (Eds.), XVIII émes réncontres intérnationales d’Archéologie et d’Histoire 
d’Antibes. Actes des réncontres, 23–25 octobre 1997. Economie préhistorique: les 
comportements de subsistance au Paléolithique, APDCA, Antibes, pp. 309–323.  
Palma Di Cesnola A. 1963 - Prima campagna di scavi nella Grotta del Cavallo presso Santa 
Caterina (Lecce), Rivista di Scienze Preistoriche, XVIII, 41-73. 
Palma Di Cesnola A. 1964 - Seconda campagna di scavi nella grotta del Cavallo presso Santa 
Caterina (Lecce), Rivista di Scienze Preistoriche, XIX, 23-39 
Palma di Cesnola A 1965a - Il Paleolitico superiore arcaico (facies uluzziana) della Grotta del 
Cavallo, Lecce, Rivista di Scienze Preistoriche, XX, p. 33 – 62.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 192 
Palma Di Cesnola A. 1965b - Notizie preliminari sulla terza campagna di scavi nella Grotta del 
Cavallo. (Lecce), Rivista di Scienze Preistoriche, XX, 291-301. 
Palma di Cesnola A. 1966 - Gli scavi nella Grotta del Cavallo (Lecce) durante il 1966, Rivista 
di Scienze Preisto- riche, 21, p. 290 – 302.  
Palma Di Cesnola A. 1967 - Gli scavi nella Grotta del Cavallo (Lecce) durante il 1966, Rivista 
di Scienze Preistoriche, XXI, 1, 289-301. 
Palma di Cesnola A. 2001 - Il Paleolitico inferiore e medio in Italia, Firenze, Museo Fiorentino 
di Preistoria (Millenni, 3), 352 p.  
Palma di Cesnola A.  2007 - L’Epigravettiano tra 15000 e 10000 anni da oggi in Puglia, in F. 
Martini (ed.), L’Italia tra 15.000 e 10.000 anni fa: cosmopolitismo regionalità nel 
tardoglaciale, proceedings of the round table (Firenze, 18 November 2005), Firenze, Museo 
Fiorentino di Preistoria ’Paolo Graziosi’ (Millenni, 5), p. 135 – 156.  
Pasa A, Mezzena F. 1964 - Riparo Tagliente (Grezzana, Verona). Rivista di Scienze Preistoriche, 
XIX: 295-296.  
Pastoors A, Tafelmaier Y. 2010 - Bladelet production, core reduction strategies, and efficiency 
of core configuration at the Middle Palaeolithic site Balver Höhle (North Rhine Westphalia, 
Germany). Quartär. 57: 25-41. 
Patou-Mathis M, Auguste P, Bouteaux A, Crépin L, Dashek E, Lacombat F, Julien M-A, 
Liouville M, Pautret-Homerville C, Péan S 2008 -   Contexte écologique et cadre 
chronologique des occupations paléolithiques de Payre d’après l’analyse des grands 
mammifères  In: Moncel M-H Editor, Le site de Payre, occupations humaines dans la vallée 
du Rhône à la fin du Pléistocène moyen et au début du Pléistocène supérieur. Mémoire de 
la Société Préhistorique Française XLVI: 41-51. 
Pedergnana A, Ollé A, Borel A, Moncel MH. 2016 -  Microwear study of quartzite artefacts: 
preliminary results from the Middle Pleistocene site of Payre (South-eastern France). 
Archaeological and Anthropological Sciences.  
Pelegrin J, Karlin C, and Bodu P. 1988 - «Chaînes opératoires»: un outil pour le préhistorien. 
Technologie préhistorique. Notes et Monographies techniques. 25. CNRS, Paris.  
Pelegrin J. 1991 - Sur une recherche technique expérimentale des techniques de débitage 
laminaire et quelques résultats. In Archéologie expérimentale. Tome 2. La Terre. 118–128. 
Ed. Errances, Actes du Colloque International «Expérimentation en archéologie: bilan et 
perspectives», (Archéodrome de Beaune, 6-9 avril 1988), Paris.  
Pelegrin J. 1995 - Technologie lithique: le Châtelperronien de Roc-de-Combe (Lot) et de La Côte 
(Dordogne). Cahiers du Quaternaire 20. CNRS Editions, Paris. 297 p. 
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 193 
Pelegrin J. 2000 - Les techniques de débitage laminaire au Tardiglaciare: critères de diagnose et 
quelques réflexions. In L’Europe Centrale et Septentrionale au Tardiglaciaire. 
Confrontation des modelés régionaux, B. Valentin, P. Bodu and M. Christensen (eds.). 73–
86. vol. 7. Mémoires du Musée de Préhistoire d’Ile-de-France, Nemours.  
Pelegrin J. 2005 - Remarks about archaeological techniques and methods of knapping: erlements 
of a cognitive approach to stone knapping.In: Stone knapping, the necessary conditions for 
a uniquely hominin behavior, V. Roux and B. Bril (eds.). 23-34. McDonald Institute for 
Archaeological Research, Cambridge, UK. 
Peng F, Wang H, Gao X. 2014 - Blade production of Shuidonggou Locality 1 (Northwest China): 
A technological perspective. Quaternary International, 347: 12-20. 
doi:http://dx.doi.org/10.1016/j.quaint.2014.04.041 
Peresani M, Centi Di Taranto LE. 2013 - Blades, bladelets and flakes: A case of variability in 
tool design at the dawn of the Middle–Upper Palaeolithic transition in Italy. Comptes 
Rendus Palevol. 12(4): 211–21.  
Peresani M. 1998 - La variabilité du débitage discoïde dans la grotte de Fumane (Italie du Nord), 
Paléo, t. 10, p. 123-146.  
Peresani M. 1995 - Sistemi tecnici di produzione litica nel Musteriano d'Italia. Studio tecnologico 
degli insiemi litici delle unità VI e II della Grotta di San Bernardino (Colli Berici, Veneto). 
Rivista di Scienze Preistoriche, XLVII, 79 -167. 
Peresani M. 1996 - The Levallois reduction strategy at the Cave of San Bernardino (Northern 
Italy). In: Reduction Processes (chaînes opératoires) in the European Mousterian. 
Proceedings International Round Table, (Bietti A., & Grimaldi S., Eds.), Quaternaria Nova, 
VI: p. 205-236.  
Peresani M. 2012 - Fifty thousand years of flint knapping and tool shaping across the Mousterian 
and Uluzzian sequence of Fumane cave. Quaternary International, 247, 125-150. 
http://doi.org/10.1016/j.quaint.2011.02.006 
Peretto C. (Ed.) 2012 - L’insediamento musteriano di Grotta Reali, Rocchetta a Volturno, Molise, 
Italia. Annali dell’Università degli Studi di Ferrara, Sez. Museologia Scientifica e 
Naturalistica, Volume 8/2, Ferrara, 172 p.  
Peresani M, Porraz G. 2004 - Ré-interprétation et mise en valeur des niveaux moustériens de la 
Grotte du Broion (Monti Berici,Vénétie). Etude techno économique des industries lithiques. 
Rivista di Scienze Preistoriche, LIV,181- 247. 
Peretto C, Arzarello M, Bahain JJ, Boulbes N, Dolo JM, Douville E, et al. 2016 - The Middle 
Pleistocene site of Guado San Nicola (Monteroduni, Central Italy) on the Lower/Middle 
Palaeolithic transition. Quaternary International. 411: 301–15.  
 
  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 194 
Peresani M, Cristiani E, Romandini M. 2016 -  The Uluzzian technology of Grotta di Fumane 
and its implication for reconstructing cultural dynamics in the Middle–Upper Palaeolithic 
transition of Western Eurasia. Journal of Human Evolution. 2016; 91 :36–56.  
Perlès C. 1991 - Économie des matières premières et économie du débitage: deux conceptions 
opposées? in C. Perlès (ed.), 25 ans d’études technologiques en Préhistoire: bilan et 
perspectives, proceedings of the 11th Rencontres internationales d’archéologie et d’histoire 
d’Antibes, Anti- bes, APDCA, p. 263 – 273.  
Philippe F, Guadelli JL, and Fosse P. 2006 -  "Applying dynamics and comparing life tables 
for Pleistocene Equidae in anthropic (Bau de l'Aubesier, Combe-Grenal) and carnivore 
(Fouvent) contexts with modern feral horse populations (Akagera, Pryor Mountain)." 
Journal of Archaeological Science 33 (2): 176-184. 
Philippe F, Legendre S. 2003 - "Mortality curves for horses from the Middle Palaeolithic site of 
Bau de l'Aubesier (Vaucluse, France): methodological, palaeo-ethnological, and palaeo-
ecological approaches." Journal of Archaeological Science 30 (12): 1577-1598. 
Picin A, Peresani M, Falguères C, Gruppioni G, Bahain JJ. 2013 - San Bernardino Cave 
(Italy) and the Appearance of Levallois Technology in Europe: Results of a Radiometric 
and Technological Reassessment. Plos ONE. 8 (10) 76-82.  
Porat N, Chazan M, Grün R, Aubert M, Eisenmann V, Horwitz LK. 2010 - New radiometric 
ages for the Fauresmith industry from Kathu Pan, southern Africa: Implications for the 
Earlier to Middle Stone Age transition. Journal of Archaeological Science.; 37(2):269–83. 
Porraz G.  2010 - Regards croisés sur l’étude du transport des matériaux au Paléolithique moyen : 
la diffusion des jaspes de Ligurie orientale (Italie) et l’approvisionnement en matières 
premières lithiques à l’abri Pié Lombard (France), in N. J. Conard and A. Delagnes (eds.), 
Settlement Dynamics of the Middle Paleolithic and Middle Stone Age, Tübingen, Kerns, 
vol. 3, p. 283 – 307.  
Ranaldo, F. (in press). L’arco ionico pugliese tra la fine del Paleolitico medio e gli esordi del 
Paleolitico superiore: problemi e prospettive di ricerca per la ricostruzione dei sistemi 
antropici Proceedings of XLVII Riunione Scientifica dell’Istituto Italiano di Preistoria e 
Protostoria Preistoria e Protostoria della Puglia - Ostuni 2012.  
Ranaldo, F., Klempererova, H., & Ronchitelli, A. (in press). Evoluzione dei sistemi tecnici 
nell’Uluzziano di Grotta del Cavallo Proceedings of XLVII Riunione Scientifica 
dell’Istituto Italiano di Preistoria e Protostoria Preistoria e Protostoria della Puglia - Ostuni 
2012.  
Rapp G, Hill CL. 1998 - Geoarchaeology. The Earth- Science Approach to Archaeological 
Interpretation, New Haven, Yale University Press, 368 p.  
 
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 195 
Raynal JP, Moncel MH, Fernandes P, Bindon P, Daujeard C, Fiore I, Santagata C, Lecorre-
Le-Beux M, Guadelli JL, Lepape JM, Tagliacozzo A, Liabeuf R, Servant L, Aulanier 
M, Ceret H. 2013 - Land- Use Strategies, Related Tool-Kits and Social Organization of 
Lower and Middle Palaeolithic Groups in the South-East of the Massif Central, France, 
Quartär, 12, p. 29 – 59.  
Renfrew C.  1977 - Alternative Models for Exchange and Spatial Distribution, in T. K. Earle and 
J. E. Ericson (eds.), Exchange Systems in Prehistory, New York, Academic Press, p. 71 – 
90.  
Révillion S., Tuffreau A. 1994 - Valeur et signification du débitage laminaire du gisement 
paléolithique moyen de Seclin Nord. In: Les industries laminaires au Paléolithique moyen 
(Tuffreau, A., & Revillon, S., Eds.), Dossier de Documentation Archéologique. 18, CNRS 
Éditions, Paris:19–43. 
Révillion S. 1995 - Technologie du débitage laminaire au Paléolithique moyen en Europe 
septentrionale: état de la question. Bulletin de la Société préhistorique française. 92(4): 
425–442. doi:10.3406/bspf.1995.10058 
Revillion S. Cliquet D. 1994 - Technologie du débitage laminaire du gisement paléolithique 
moyen de Saint- Germain-des-Vaux / Port Racine (secteur I) dans le contexte des industries 
du Paléolithique moyen du Massif Armoricain. In: Revillion, S., Tuffreau, A. (Eds.), Les 
industries laminaires au Paléolithique Moyen. Dossier de Documentation Archéologique 
18, 45–62. 
Richter D, Krbetschek M. 2015 - The age of the Lower Paleolithic occupation at Schöningen. 
Journal of Human Evolution.; Dec; 89:46–56. 
Richter J. 2016 -  in press Leave at the height of the party: A critical review of the Middle 
Paleolithic in Western Central Europe from its beginnings to its rapid decline. Quaternary 
International. http://dx.doi.org/10.1016%2Fj.quaint.2016.01.018 
Richter J. 2011 - When did the Middle Paleolithic begin? In Conard, NJ & Richter, Jr (eds) -
Neanderthal lifeways, subsistence and technology: one hundred fifty years of Neanderthal 
study. New York; Springer. 7-14. 
Richter D, Hauck T, Wojtzack D, Le Tensorer JM, Muhesen S. 2011 - Chronometric age 
estimates for the site of Hummal (El Kowm, Syria). In: The lower and middle palaeolithic 
in the middle east and neighbouring regions, (Le Tensorer, J.-M., Jagher, R. & Otte, M., 
Eds.), ERAUL, 126, Liège: p. 249-261.  
Riel-Salvatore, J. 2009 -  What is a ‘transitional’industry? The Uluzzian of southern Italy as a 
case study. In M. Camps & P. Chauhan (Eds.), Sourcebook of Paleolithic transitions (pp. 
377-396): Springer.  
Riel-Salvatore, J., & Barton, C. M. 2004 -  Late Pleistocene technology, economic behavior, 
and land-use dynamics in southern Italy. American Antiquity, 257-274.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 196 
Riel-Salvatore J, Negrino F.  2009 - Early Upper Paleo- lithic Population Dynamics and Raw 
Material Procurement Patterns in Italy, in M. Camps, I. Calbet, and C. Szmidt (eds.), The 
Mediterranean between 50 – 25,000 BP: Turning Points and New Directions, Oxford, 
Oxbow, p. 205 – 224.  
Rivals F, Moncel MH, Patou-Mathis M. 2009 - Seasonality and intra-site variation of 
Neanderthal occupations in the Middle Palaeolithic locality of Payre (Ardèche, France) 
using dental wear analyses. Journal of Archaeological Science. 36 (4):1070–1078. 
http://dx.doi.org/10.1016%2Fj.jas.2008.12.009  
Rocca R. 2013 - Peut-on définir des aires culturelles au Paléolithique inferieur? Originalité des 
premières industries lithiques en Europe centrale dans le cadre du peuplement de l'Europe. 
Doctoral Thesis University Paris Ouest Nanterre la Défense, France.  
Roebroeks W, Sier M, Kellberg Nielsen T, De Loecker D, Pares JM, et al. 2012 - Use of red 
ochre by early Neandertals. Proc Natl Acad Sci 109: 1889-1894.   
Roebroeks W. 1988 - From Find Scatters to Early Hominid Behaviour. A Study of Middle 
Palaeolithic Riverside Settle- ments at Maastricht-Belvédère (The Netherlands), Leiden, 
Leiden University Press, 175 p.  
Roebroeks W, De Loecker D, Hennekens P, van Ieperen M. 1992 - ’A Veil of Stones’: on the 
Interpretation of an Early Middle Palaeolithic Low Density Scatter at Maastricht-Belvédère 
(The Netherlands), Analecta Prae- historica Leidensia, 25, p. 1 – 16.  
Roebroeks W, Kolen J, Rensink E. 1988 - Planning Depth, Anticipation and the Organization 
of Middle Palaeolithic Technology: the Archaic Natives Meet Eve’s Descendants, Helinium, 
28, p. 17 – 34.  
Roebroeks W, Tuffreau A. 1999 - Paleoenvironment and settlement patterns of the northwest 
European Middle Paleolithic, in: Roebroeks, W. and Gamble, C. (eds). The Middle 
Paleolithic occupation of Europe. Leiden: Leiden University Press, pp. 121–138.  
Romagnoli F.  2012 - Risorse litiche e comportamento tec- nico dei Neandertaliani: variabilità 
culturale e adatta- mento all’ambiente nel Salento. Grotta del Cavallo, strati L-N, e Grotta 
Mario Bernardini, strato D / Raw Materials and Neanderthal Technical Behaviour: Cultural 
Variability and Adaptation to the Environment in Salento (South Apu- lia). Grotta del 
Cavallo, Layers L-N, and Grotta Bernardini, Layer D, doctoral thesis, Università degli Studi 
di Firenze & Universitat Rovira i Virgili, Tarragona, 405 p.  
Romagnoli F.  2015 - A Second Life: Recycling Production Waste during the Middle Palaeolithic 
in Layer L at Grotta del Cavallo (Lecce, Southeast Italy), Quaternary Interna- tional, 361, 
p. 200 – 211.  
Romagnoli F, Baena J, Sarti L. (submitted) - Neanderthal Retouched Shell Tool and Quina 
Economic and Technical Strategies: an Integrated Behaviour, Quaternary International.  
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 197 
Romagnoli F, Martini F, Sarti L.  2014 - Neanderthal Use of Callista chione Shells as Raw 
Material for Retouched Tools in South-East Italy. Analysis of Grotta del Cavallo Layer L 
Assemblage by a New Methodology, Journal of Archaeological Method and Theory, 22, 3, 
p. 1 – 31.  
Romagnoli F, Trenti F, Nannini L, Carmignani L, Ricci G, Lo Vetro D, Martini F, Sarti L. 
2016 - Raw-Material Procurement and Productive Sequences in the Palaeolithic of Southern 
Italy: the Tyrrhenian and Ionian Areas;  Ressources lithiques, productions et transferts entre 
Alpes et Méditerranée; Actes de la journée de la Société préhistorique française de Nice, 
28-29 mars 2013 Textes publiés sous la direction de Antonin Tomasso, Didier Binder, 
Gabriele Martino, Guillaume Porraz, Patrick Simon et Nicolas Naudinot Paris, Société 
préhistorique française, 2016 (Séances de la Société préhistorique française, 5), 177-197 
www.prehistoire.org ISSN : 2263-3847 – ISBN : 2-913745-2-913745-64-4  
Ronchitelli, A., Boscato, P., & Gambassini, P. 2009 -  Gli ultimi neandertaliani in Italia: aspetti 
culturali. La lunga storia di neandertal. Biologia e comportamento. Jaca Book, Milano, 257-
287.  
Ronchitelli, A., Douka, K., Benazzi, S., Boscato, P., Gambassini, P., Higham, T., & Moroni, 
A. 2015 -  Reaffirming the integrity of Grotta del Cavallo and the association of modern 
humans with the Uluzzian: a reply to Zilhão et al. PLoS ONE.  
Ronchitelli, A. Freguglia, M. Boscato, P. 2010. Paléoécologie et stratégies de subsistance à 
l’Abri du Molare de Scario (S. Giovanni a Pirro – Salerno – Italie de Sud) : niveaux 
Paléolithique moyen 44-49, données préliminaires, in: Conard, N.J. and Dlagens, A. (ed.). 
Settlement Dynamics of the Middle Paleolithic and Middle Stone Age, Volume III. 
Tübingen: Kerns Verlag, 249-264.  
Roussel M, Soressi M, Hublin JJ. 2016 - The Châtelperronian conundrum: Blade and bladelet 
lithic technologies from Quinçay, France. Journal of Human Evolution. 2016 Jun; 95:13–
32. 
Ruebens K. 2013 - Regional behaviour among late Neanderthal groups in Western Europe: A 
comparative assessment of late Middle Palaeolithic bifacial tool variability. Journal of 
Human Evolution. Oct; 65 (4):341–62. 
Ruebens, K., McPherron, S. J. P., & Hublin, J.-J. (2015). On the local Mousterian origin of 
the Châtelperronian: Integrating typo-technological, chronostratigraphic and contextual 
data. Journal of Human Evolution, 86, 55-91.  
Santonja M, Pérez-Gonzáles A, Panera J, Rubio-Jara S, Méndez-Quintas E. 2016 - The 
coexistence of Acheulean and ancient Middle Palaeolithic techno-complexes in the Middle 
Pleistocene of the Iberian Peninsula. Quaternary International 411 (Part B): 367-377.  
Sarti L, Boscato P, Lo Monaco M. 1998 – 2000 - Il Musteriano finale di Grotta del Cavallo nel 
Salento, studio preliminare, Origini, XXII, 45-109.  
Sarti L, Boscato P, Martini F, Spagnoletti AP. 2002 - Il Musteriano di Grotta del Cavallo. Strati 
H e I: studio preliminare, Rivista di Scienze Preistoriche, 52, p. 21 – 109.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 198 
Sarti L, Romagnoli F, Carmignani L, Martini F, Ghinassi M. (in press) - Grotta del Cavallo 
(scavi Sarti). Tradizione e innovazione nella sequenza musteriana sulla base dell’indicatore 
litico, in Preistoria e Protostoria della Puglia, proceedings of the XLVIIth Riunione Scienti 
ca dell’Istituto Italiano di Preistoria e Protostoria (Ostuni, 9 – 13 October 2012), Firenze, 
Istituto Italiano di Preistoria et Protostoria.  
Sarti L, Carmignani L, Romagnoli F, Martini F. (in press) - Grotta del Cavallo (scavi L. Sarti): 
tradizione e innovazione nella sequenza musteriana sulla base dell'indicatore litico. XLVII 
Riunione Scientifica Preistoria e Protostoria della Puglia. 
Sarti L, Carmignani L, Romagnoli F, Martini F, Ghinassi M & Sala B. (in press) Grotta del 
Cavallo (scavi L. Sarti): tradizione e innovazione nella sequenza musteriana sulla base 
dell'indicatore litico. In: Studi di Preistoria e Protostoria italiana. « Atti della XLVII 
Riunione Scientifica Preistoria e Protostoria Della Puglia, 9-13 October 2012 ». (in Italian) 
(Cavallo cave (director L. Sarti): Tradition and innovation in the mousterian sequences on 
the basis of the lithic data.)  
Schäfer J, Ranov VA. 1998 - Middle Paleolithic blades industries and the Upper Paleolithic of 
central Asia. In: Préhistoire d’Anatolie, genèse des deux mondes, (Otte, M., Ed.), Eraul, 85, 
Liège: p. 785-814. (in Italian) ( 
Schäfer J, Laurat T, Ranov VA, Sosin PM, 2003 - Das Altpalaolithikum aus dem 4. 
Palaobodenkomplex von Obi-Mazar (Tadschikistan). In: Erkenntnisjäger - Kultur und 
Umwelt des frühen Menschen - Festschrift für Dietrich Mania, (Meller, H., Burdukiewicz, 
J.M., Fiedler, L. Heinrich W.-D., Justus, A., & Brühl, E., Eds.), Veröffentlichungen des 
Landesamtes für Archäologische Denkmalpflege, Sachsen-Anhalt, Landesmuseum für 
Vorgeschichte, 57, Halle: p. 509-535. (in German) (The lower Palaeolithic from the 4th 
Palaoboden complex of Obi-Mazar (Tajikistan). 
Schäfer J, Ranov V, Sosin P. 1998 - The cultural evolution of man and the chronostratigraphical 
background of changing environments in the loess palaeosoil sequences of Obi-Mazar and 
Khonako (Tadjikistan). Anthropologie, 36:121-135.  
Shimelmitz R, Barkai R, Gopher A. 2011 - Systematic blade production at late Lower 
Paleolithic (400–200 kyr) Qesem Cave, Israel. Journal of Human Evolution.; 61(4):458–79. 
Shott M. 1996 - An Exegesis of the Curation Concept, Jour- nal of Anthropological Research, 
52, p. 259 – 280.  
Shott M. 1986 - Technological Organization and Settlement Mobility: an Ethnographic 
Examination, Journal of Anthro- pological Research, 42, p. 15 – 51.  
Siddall M, Rohling E, Almogi-Labin A, Hemleben C, Meischner D, Schmelzer I, Smeed DA. 
2003 - Sea- Level Fluctuations during the Last Glacial Cycle, Nature, 423, p. 853 – 858.  
Skrdla P, 2003 - Comparison of Boker Tachtit and Stránská skála MP/UP transitional industries. 
Journal of the Israel Prehistoric Society, 33: 37-73. URL: 
http://www.iabrno.cz/skrdla/BokerT.pdf 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
199 
Slimak L, Giraud Y. 2007 - Circulations sur plusieurs centaines de kilomètres durant le 
Paléolithique moyen. Contribution à la connaissance des sociétés néandertali- ennes, 
Palevol, 6, p. 359-368.  
Slimak L. 1999 - Mise en évidence d'une composante laminaire et lamellaire dans un complexe 
moustérien du sud de la France, Paléo, 11: 89-109. 
Slimak L. 2003 - Les débitages Discoïdes moustériens: évaluation d'un concept technologique, 
in: Discoid lithic technology: advances and implications, Peresani M. (Dir.), Oxford, British 
archaeological Reports, BAR International Series 1120. 33-65  
Slimak L. 2008 - ¿Qué sistemas de talla, qué conceptos, qué límites para el Paleolítico Medio? 
in R. Mora, J. Martínez, I. De La Torre and J. Casanova (eds.), Variabilidad técnica del 
Paleolítico Medio en el sudoeste de Europa, Barcelona, Universitat Autònoma de Barcelona 
(Treballs d’Arqueologia, 14), p. 9 – 26.  
Slimak L, Lucas G. 2005 - Le débitage lamellaire, une invention aurignacienne? In: F. Le Brun-
Ricalens (Ed.) Productions lamellaires attribuées à l‘Aurignacien. Chaînes opératoires et 
perspectives technoculturelles. Imprimerie Fr. Faber, Luxemburg, 75–102. 
Soffer O. 1989 - The Middle to Upper Paleolithic Transition on the Russian Plain, in P. Mellars 
and C. Stringer (eds.), The Human Revolution: Behavioural and Biological per- spectives 
on the Origins of Modern Humans, Princeton, Princeton University Press, p. 714 – 742.  
Soressi M. 2002 - Le Moustérien de tradition acheuléenne du sud-ouest de la France. Discussion 
sur la signification du faciès à partir de l'étude comparée de quatre sites: Pech-de-l'Azé I, 
Le Moustier, La Rochette et la Grotte XVI. Ph.D. Thesis, Université de Bordeaux I, 
Bordeaux: p. 339  
Soressi M. 2004 - From the Mousterian of Acheulian Tradition Type A to Type B: a change in 
technical tradition, raw material, task, or settlement dynamics? In: N. J. Conard (Ed.) 
Settlement dynamics of the Middle Paleolithic and Middle Stone Age. Volume II. Kerns 
Verlag, Tübingen, 343-366. 
Soressi M. 2005 - Late Mousterian lithic technology: its implications for the pace of the 
emergence of behavioural modernity and the relationship between behavioural modernity 
and biological modernity. In: From Tools to Symbols, (Backwell, L., & d'Errico, F., Eds.), 
University of Witwatersrand Press, Johannesburg: p. 389-417.  
Soriano S. 2000 - Outillage bifacial et outillage sur éclat au Paléolithique ancien et moyen: 
coexistence et interaction. Doctoral Thesis, Université Paris X-Nanterre: p. 459. 
Soriano S. Villa P. Wadley L. 2007 - Blade technology and tool forms in the Middle Stone Age 
of South Africa: the Howiesons Poort and post-Howiesons Poort at Rose Cottage Cave. J. 
Archaeol. Sci. 34, 681–703.  
Soto M, Gómez de Soler B, Vallverdú J, Vaquero M. 2014 - Potential Siliceous Sources during 
Prehistory: Results of Prospecting in the East Margin of the Ebro Basin (NE Ibe- rian 
Peninsula), Journal of Lithic Studies, 1, p. 293 – 318.  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 200 
Spinapolice E. 2012 - Mousterian Lithic Industry and Raw Material Economy from Salento 
(Apulia, Italy): New Per- spectives on Neanderthals Mobility Patterns, Journal of 
Archaeological Science, 39, p. 680 – 689.  
Stiles D. 1998 - Raw Material as Evidence for Human Behaviour in the Lower Pleistocene: the 
Olduvai Case, in M. D. Petraglia and R. Korisettar (eds.), Early Human Behaviour in Global 
Context: the Rise and Diversity of the Lower Palaeolithic Record, London, Routledge, p. 
133 – 150.  
Svoboda J, Skrdla P. 1995 - The Bohunician Technology. In: The Definition and Interpretation 
of Levallois Technology, (Dibble H.L., Bar-Yosef O., Eds.), Madison, Wisconsin, 
Prehistory Press, Monographs in World Archaeology, 23: p. 432-438 
Tavoso A. 1988 - L’outillage du gisement de San Francesco à San Remo (Ligurie, Italie) : nouvel 
examen. In: L’homme de Néanderthal, vol. 8. La mutation, Liège, 193–210. 
Terradas X. 2003 - Discoid Flaking Method: Conception and Technological Variability, in M. 
Peresani (ed.), Discoid Lithic Technology. Advances and Implications, Oxford, 
Archaeopress (BAR, International series 1120), p. 19 – 32.  
Terradillos-Bernal M, Díez Fernández JC. 2012 - La transition entre les Modes 2 et 3 en 
Europe: le rapport sur les gisements du Plateau Nord (Péninsule Ibérique). L'Anthropologie. 
116: 348-363. http://dx.doi.org/10.1016/j.anthro.2012.06.001.  
Terradillos-Bernal M, Rodríguez-Álvarez XP. 2014 - The influence of raw material qualities 
in the lithic technology of Gran Dolina (Units TD6 and TD10) and Galería (Sierra de 
Atapuerca, Burgos, Spain): A view from experimental archeology. Comptes Rendus 
Palevol. 13(6):527–42. 
Thacker P. 1996 - Hunter-Gatherer Lithic economy and Set- tlement Systems: Understanding 
Regional Assemblage Vari- ability in the Upper Paleolithic of Portugese Extremadura, in 
G. H. Odell (ed.), Stone Tools: Theoretical Insights into Human Prehistory, New York, 
Plenum Press, p. 101 – 124.  
Thieme H. 1997 - Lower Palaeolithic hunting spears from Germany. Nature; 385, 807-810.  
Thun-Hohenstein U, Peretto C. 2005 - Faunal exploitation in the Middle Palaeolithic: evidences 
from Riparo Tagliente (Verona, Italy). In: Actes du Colloque International: Données 
récentes sur les modalités de peuplement et sur le cadre chronostratigraphique, géologique 
et paléogéographique des industries du Paléolitique inferieur et moyen en Europe, (Molines, 
N., Moncel, M.-H., & Monnier, J.-L., Eds.), Bar International Series 1364, Archaeopress, 
Oxford: p. 261-267.  
Tomasso A, Naudinot N, Binder D, Grimaldi S. 2014 - Unité et diversité dans l’Épigravettien 
récent de l’arc liguro-provençal, in M. Langlais, N. Naudinot and M. Peresani (eds.), Les 
groupes culturels de la transition Pléis- tocène-Holocène entre Atlantique et Adriatique, 
proceed- ings of the session of the Société préhistorique française (Bordeaux, 24-25 May 
2012), Paris, Société préhistorique française (Séances de la Société préhistorique française, 
3), p. 155 – 184 [on line].  
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 201 
Torrence R. 1983 - Time Budgeting and hunter-gatherer technology, in G. Bailey (ed.), Hunter-
Gatherer Economy in Prehistory: a European Perspective, Cambridge, Cam- bridge 
University Press, p. 11 – 22.  
Torrence R. 1989 - Time, Energy and Stone Tools, Cam- bridge and New York: Cambridge 
University Press, 136 p.  
Trenti F. Nannini L. Carmignani L. Romagnoli F. Martini F. Sarti L. (in press) - Grotta del 
Cavallo: ipotesi di mobilità dei gruppi umani musteriani sulla base dello sfruttamento delle 
risorse nel territorio. XLVII Riunione Scientifica Preistoria e Protostoria della Puglia.  
Trinkaus E, Lebel S, Bailey SE. 2000 - Middle Paleolithic and recent human dental remains 
from the Bau de l'Aubesier, Monieux (Vaucluse). Bull. Mém. Soc. Anthropol. Paris. 12: 
207-226. 
Tryon CA, McBrearty S, Texier PJ. 2006 - Levallois Lithic Technology from the Kapthurin 
Formation, Kenya: Acheulian Origin and Middle Stone Age Diversity. African 
Archaeological Review; 22(4):199–229. 
Tuffreau A, Lamotte A, Goval E. 2008 - Les Industries acheuléennes de la France septentrionale. 
L'Anthropologie. 112: 104-139.  
Tuffreau A. 1987 - Le Paléolithique inférieur et moyen du nord de la France (Nord, Pas-de-
Calais, Picardie) dans son cadre stratigraphique. Doctoral Thesis, Université de Lille;  
Tuffreau A. 1995 - The variability of Levallois technology in Northern France and neighbouring 
areas. In: Dibble, H.L., Bar-Yosef, O. (Eds.), The Definition and Interpretation of Levallois 
Technology. Prehistory Press, Madison. 413-427.  
Turq A. 1989 - Exploitation des matières premières lithiques et exploitation du sol : l’exemple 
du Moustérien entre Dor- dogne et Lot, Cahiers du Quaternaire, 13, p. 179 – 204.  
Turq A. 2005 - Ré exions méthodologiques sur les études de matières premières lithiques : 1) 
des lithothèques au matériel archéologique, Paléo, 17, p. 111 – 132.  
Turq A, Roebroeks W, Bourguignon L, Faivre JP. 2013 - The Fragmented Character of Middle 
Palae- olithic Stone Tool Technology, Journal of Human Evolu- tion, 65, p. 641 – 655.  
Valladas H, Mercier N, Ayliffe LK, Falguères C, Bahain JJ, Dolo JM, et al. 2008 - 
Radiometric dates for the Middle Palaeolithic sequence of Payre (Ardèche, France). 
Quaternary Geochronology. 3 (4): 377–89.  
Vaquero M, Bargalló A, Chacón MG, Romagnoli F, Sañudo P. 2015 - Lithic Recycling in a 
Middle Paleo- lithic Expedient Context: Evidence from the Abric Romaní (Capellades, 
Spain), Quaternary International, 361, p. 212 – 228.  
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 202 
Vaquero M, Chacón G, García-Antón G, Gómez de Soler B. 2008 - Variabilidad de los 
conjuntos en el Paleolitico Medio del Abric Romaní (Capellades, Bar- celona), in R. Mora, 
J. Martínez, I. De La Torre and J. Cas- anova (eds.), Variabilidad técnica del Paleolítico 
Medio en el sudoeste de Europa, Barcelona, Universitat Autònoma de Barcelona (Treballs 
d’Arqueologia, 14), p. 195 – 212.  
Villa P, Boscato P, Ranaldo F, Ronchitelli A. 2009 - Stone tools for the hunt: points with impact 
scars from a Middle Paleolithic site in southern Italy. Journal of Archaeological Science, 
36(3), 850-859. doi.org/10.1016/j.jas.2008.11.012 
Wallace IJ, Shea JJ. 2006 - Mobility Patterns and Core Technologies in the Middle Paleolithic 
of the Levant, Journal of Archaeological Science, 33, p. 1293 – 1309.  
Wenban-Smith FF. 1992 - Early Palaeolithic cultural facies and the Levalloisian at Baker’s Hole. 
Papers from the Institute of Archaeology, 2:1-10 
White M, Ashton N. 2003 - Lower Palaeolithic Core Technology and the Origins of the Levallois 
Method in North-Western Europe. Current Anthropology. Aug; 44(4):598–609. 
Wilkins J, Chazan M. 2012 - Blade production ∼500 thousand years ago at Kathu Pan 1, South 
Africa: support for a multiple origins hypothesis for early Middle Pleistocene blade 
technologies. Journal of Archaeological Science, 39(6): 1883-1900. 
doi:10.1016/j.jas.2012.01.031 
Wilkins J. 2013 - Technological change in the early Middle Pleistocene: the onset of the Middle 
Stone Age at Kathu Pan 1, Northern Cape, South Africa. Phd dissertation, University of 
Toronto.  p. 426. 
Wilson L, Browne CL. 2014 - Change in raw material selection and subsistence behaviour 
through time at a Middle Palaeolithic site in southern France. Journal of Human Evolution, 
75: 28-39.  doi:10.1016/j.jhevol.2013.12.018 
Wilson L. 2007a - Terrain Dif culty as a Factor in Raw Material Procurement in the Middle 
Palaeolithic of France, Journal of Field Archaeology, 32, p. 315 – 324.  
Wilson L. 2007b - The Vaucluse raw material project: artifact provenance and landscape context 
in the Middle Palaeolithic of southern France. In: Wilson, L., Dickinson, P., Jeandron, J. 
(Eds.), Reconstructing Human-Landscape Interactions.  Cambridge Scholars Publishing, 
Newcastle, pp. 234-251. 
Wilson L. 2007c - Understanding prehistoric lithic raw material selection: application of a gravity 
model. J. Archaeol. Method Th.; 14: 388-411. 
Wilson L. 2011 - Raw material economics in their environmental context: An example from the 
Middle Palaeolithic of southern France. In: Wilson, L. (Ed.), Human Interactions with the 
Geosphere: The Geoarchaeological Perspective.  The Geological Society Publishing House, 
London, pp. 163-180. Special Publication Volume 352. 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 203 
Wilson L. 2014 -  Change in Raw Material Selection and Subsistence Behaviour through Time 
at a Middle Palaeo- lithic Site in Southern France, Journal of Human Evolution, 75, 28 – 
39.  
Wiśniewski A. 2014 - The beginnings and diversity of Levallois methods in the early Middle 
Palaeolithic of Central Europe. Quaternary International. 326–327:364–80.  
Yamada M. 1997 - L'industrie lithique moustérienne de la Barma Grande aux Balzi Rossi 
(Ligurie, Italie). L'Anthropologie.101/3. 512-21. 
Yamada M. 2004 - Derniere production lithique mousterienne de l’Abri Mochi aux Balzi Rossi 
(Ligurie, Italie). Quaternaria nova VII - vol. 7. 19-35. 
Zilhão, J., Banks, W. E., d’Errico, F., & Gioia, P. 2015 - Analysis of Site Formation and 
Assemblage Integrity Does Not Support Attribution of the Uluzzian to Modern Humans at 
Grotta del Cavallo. PLoS ONE, 10(7), e0131181.  























UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 204 
LIST OF FIGURES 
 
CHAPTER 1  
 
Figure 1 - Location of the sites studied......................................................................................................18 
Figure 2 - Data base structures of the archeological sites……………………………………………..19 
Figure 3 - Graphic interface of the data base of the archeological sites……………..……………..19 





Figure 1 - Location of the Bau de l’Aubesier and Payre and of the main sites cited in this 
paper…...………………..……………………………………………………………...……………………….25 
Figure 2 -   Simplified stratigraphy of the Bau de l’Aubesier: Drawings on the left after Lebel 
(2000a, Figure 9, p.22).  On the left and in the center: simplified stratigraphy.  In colour (yellow 
and blue), Units J and K. On the right the plan distribution of the lithic collection for each sub-
unit considered in this study………………………………………………………………………...………26 
Figure 3 -  Schematic model of the reduction systems and the terminology used in this 
paper….…………………………………………...…………………………………………………………… .28 
Figure 4 - Model of peripheral plan exploitation: On the top right exploitation by parallel plans. 
On the bottom right the two variants of exploitation by secant plans……………………………...31 
Figure 5 - Payre. Peripheral secant plans cores:  Cores of partial peripheral secant plans 
exploitation from sub-unit Gb (1, 2). Cores of complete peripheral secant plans exploitation 
from sub unit Fa  (Discoidal) (3,4) ………………………………………………………………..………32  
Figure 6 -  Payre. Trifacial cores: Trifacial secant plans exploitation cores from sub-levels Ga 
(n. 1) and Gb (n.2) ……………..……………………………………….……………………………….……33 
Figure 7 - Payre. Peripheral parallel plans cores: Core with a peripheral parallel plans 
exploitation from sub-levels Ga (n. 1 and 2), Fb (n.3) and Fd (n. 4). ...………….………………..33 
Figure 8 - Payre. Peripheral exploitation blanks: On the top, sketch of products from a secant 
plan exploitation (top left) and from a parallel plan exploitation (top right). On the bottom left, 
blanks of secant plans exploitation: centripetal flakes (type A1) from sub-units Ga (n. 1 to 4), 
Fd (n. 5), and Fa (n. 6); debordant flakes (type A2) from sub-units Ga (n. 7 to 9). On the bottom 
right, products of parallel plans exploitation: centripetal flakes (type B1) from sub-units Ga (n. 
10 to 13) and Fa (n.14); debordant flakes (type B2) from sub-unit Ga…………………………….34 
Figure 9 -  Payre. Wide flakes production: Large flakes cores (n.1, 2). Retouched wide flakes 
(n. 3 and 7). Unretouched wide flakes (n. 4 to 6)…………………….……………………………..….35 
Figure 10 - Payre. Polar exploitation variability: Model of the polar exploitation variability at 
Payre………………………………………………...…………………………………………………..………36 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 205 
Figure 11 - Payre: Unidirectional short axis cores. ….……………….………………………………36 
Figure 12 - Payre:  Unidirectional large surface cores…….…………………………………………37 
Figure 13 - Payre: Elongeted unidirectional flakes from Unit F (n. 1 to 3) and Unit G (n.4); 
Unidirectional short flakes from Unit F (n. 7 to 9) and Unit G (n.10); Convergent flakes from 
Unit G (n. 8 to 10) ………………….…………………………………………………………………………38 
Figure 14 -  Payre: Bladelet cores from unit F……………………………………………...…………39 
Figure 15 - Bau de l’Aubesier: Discoid cores from sub-level K2…………………………..……….40 
Figure 16 - Bau de l’Aubesier: variability of reduction systems in parallel plan exploitation....41 
Figure 17 -  Bau de l’Aubesier: Levallois cores………………..……………………….…………….41 
Figure 18 -  Bau de l’Aubesier: Cores with partial preparation…………………..………….……...42   
Figure 19 - Bau de l’Aubesier: convergent cores without preparation from Unit J……………...42 
Figure 20 - Bau de l’Aubesier: Variability in volumetric exploitation systems……………......…43 
Figure 21 - Bau de l’Aubesier: Half pyramidal cores………………………………….………...……43 
Figure 22 - Bau de l’Aubesier: Semirotating cores. Sub-convergent core from sub-unit J4 (n.1); 
Unipolar core from sub-unit J4 (n.2); Refitting of unipolar semirotating core from sub-unit J2 
(n.3) ………………………………………………………………………………………………...…………...44 
Figure 23 - Bau de l’Aubesier: Convergent semirotating cores from sub-unit J4…………..…...44 
Figure 24 - Bau de l’Aubesier end products: On the left, flakes from parallel plans exploitation: 
centripetal flakes (n. 1 to 3), convergent flakes (n. 4 to 6), unidirectional and bidirectional flakes 
(n. 7 to). On the right, blades: convergent blades from unit J (n. 10 to 12) and from unit K (n. 
16), unidirectional blades from unit K (n. 13, 14 and 15)………………………………………….. .45 
Figure 25 - Payre: Quina tools from Unit G…………………..………………………………..……….46  
Figure 26 - Payre: Bifaces from sub-unit Fa (n.1 and 2) and from Gb (n. 3)……………………47 
Figure 27 - Payre: Partially shaped pieces from sub-units Ga (n. 1 and 2) and from Fa (n. 3 and 
4) ………..…………………………………………………..………………………………………………….. 47  
Figure 28 -  Bau de l’Aubesier: Truncated pieces from  unit K (n. 1 and 2) and unit J4 (n.3) 
………………………………………………………………………………………………………….………...48 
Figure 29 -  Bau de l’Aubesier: Partially shaped pieces from sub-unit K1 (n. 1 and 2) and sub-
unit K2 (n. 3) ………………………………………………………………………………….....……………48 
Figure 30 -  Summary of the reduction processes over the sequences at Payre and the Bau de 
l’Aubesier…………………………..………………………………...…………………………….…………..49 
Figure 31 -  Bau de l’Aubesier:  Map of sources of layer J (on the the left) and K (on the right) 
………………………………………………………………..……...…………………………...………………52 
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  







Figure 1 – Location of the main blades production during the Middle Pleistocene……………64  
Figure 2 – Blade production during the MIS 8 to 6 in Europe. …………………………….……….65 
Figure 3 – Blade production during the MIS 5 in Europe. ……………………………….………….66 
Figure 4 – Blade and bladelets production during the MIS 4-3 in Europe. ………………………67 
Figure 5 – Bau de l’Aubesier stratigraphy and chronology (after Wilson and Brown 2016 
modified)……………………………………………………………………………………………………….69 
Figure 6 – Blade reduction strategies and terminologies uses in this paper……………………...70 
Figure 7 – Elongation parameters of blade and flake production…………………………………..71 
Figure 8 – Levallois centripetal core from level J (n.1); Discoid core from level K (n.3); 
Convergent and centripetal parallel plans exploitation from level J (n. 2 and 3)……………..73 
Figure 9 – Half pyramidal core from level K (n.1); Unidirectional semi-rotating core from level 
J (n.2).……………………………………...……… ………………………..…………………………..……...74 
Figure 10 – Cores from level H: Unidirectional levallois core (n.1); Discoid core (n.2); 
Centripetal Levallois cores (n. 3 to 5)………………………..…………………………..……………… 74 
Figure 11 – Kombewa core from level H………………………………………………………..……….75 
Figure 12 – Blades cores from level H: Semi-rotating core (n.1); Rotating core (n.2) ………...75 
Figure 13 – Levallois cores from  level IV: Bidirectional (n.1); Convergent (n.3); Centripetal 
(n.2 and 3) ……………………………………………………………..………………………………….….. 76 
Figure 14 – Kombewa cores from level IV: Convergent (n.1); Centripetal (n.2); Unidirectioanl 
(n. 3). ……………………………………………………………..…………………………………..…………77 
Figure 15 – Blades cores from level IV: Volumetric unidirectional blade core (n.1); Convergent 
on surface exploitation blade core (n. 2). …………………………………………..……………………77 
Figure 16 – Bladelets core from level IV. ……………………………………………………………….78 
Figure 17 – Bladelets from level IV: Rejouvenation bladelets (n. 1 to 3). Crested bladelets (n. 
4 to 6) ………………………………………………………………………….…………………..……………79 
Figure 18 – Cores from level 2: Levallois centripetal core (n.1); Bladelets core (n. 2)………...79 
Figure 19 – Flakes end products from level K and J: Centripetal levallois types flakes (n.1 to 
3); Sub convergent levallois type flakes (n.1 to 6); Unidirectional and bidirectional levallois 
type flakes (n.7 to 9)…………………………………………………………………………..80 
Figure 20 – Flakes end products from I.  Centripetal levallois types flakes (n.1 to 3); 
Unidirectional levallois type flakes (n. 2). …………………………………………………….…………81 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 207 
Figure 21 – Flakes end products from H.  Unidirectional levallois types flakes (n.1); Centripetal 
levallois type flakes (n. 2). …………...……………………………………………………………….…….81 
Figure 22 – Flakes end products from IV.  Convergent levallois types flakes (n.1 to 3); 
Centripetal levallois type flakes (n. 4 to 6); Kombewa flakes (n.7 to 9). …………………….…...82 
Figure 23 – Flakes end products from 2.  Unidirectional flakes (n.1 and 2); Convergent flakes 
(n. 3 and 4). ……………...………………………………...…………………………………………………...82 
Figure 24 – Length-Width ratio of blade production across the sequence………………..…….. 84 
Figure 25 – Modeling of surface and volumetric blade reduction systems: Blade from 
volumetric  exploitation from level IV (n. 1) Blade from surface exploiation from level IV (n. 
2) ……………………………………………………………………………………………………………..….85 
Figure 26 – Comparison between the Thickness-Width ratio of blades from volume and from 
surface. ………………………………….....………………………………………………………..………….85 
Figure 27 – Blades techno-types…………………………..…………………………..…………………..87 
Figure 28 – Blades from level K and J……………………………...………………………….………. 88 
Figure 29 – Blades from level H: Crested blade (n.1); Blade from volume with parallel cutting 
edge “S1 type (n. 2 and 3); Blades from surface (n. 4 and 5)……………………………………….89 
Figure 30 – Blades from volume (level IV) ………………..…………..………………………………89 
Figure 31 – Convergent blades from surface (level IV) .……………..…………………..………….90 
Figure 32 – Blades from surface (level IV) ………………………………………….………………... 90 
Figure 33 – Bladelets from the level IV…………………...……………………………………………. 92 
Figure 34 - Bau de l’Aubesier: Partially shaped pieces from level K…………….…………….93 
 








Figure 1 - (A) Blade production during the Middle Pleistocene. (B, C, D) - Main sites with 
blade production in Western Europe during the Middle and Upper Pleistocene (MIS 8-3). 
(Adapted blank maps from Free Software Foundation (FSF), GNU General Public 
License)…………...103 
Figure 2 - (A, B, C) Maps showing the position of Riparo Tagliente; (D) view of Riparo 
Tagliente (from Arzarello 2003). ………………………………………..……………………………… 105 
Figure 3 - (A) Plan showing the excavation areas (Modified after Bartolomei et al. 1982). (B) 
Stratigraphic section between squares 5/15 and 505/515, and layers 43 to 31 (Modified after 
Arzarello 2003). (C) Lithic industry distributions across the sequence……………..……………106 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 208 
Figure 4 - Riparo Tagliente. Lithic industries from the Lower Layers. (1) Levallois 
unidirectional core; (2) Levallois centripetal core; (3) Levallois unidirectional flake; (4) 
Levallois centripetal flake………………………………………………….……………..……………… 110 
Figure 5 - Riparo Tagliente. Lithic industries from the Lower Layers. Unidirectional system 
Type 1 cores. ……………….………………………………………………………………………...……... 111 
Figure 6 - Riparo Tagliente. Lithic industries from the Lower Layers. (1, 2) Kombewa cores; 
(3) Half-pyramidal core; (4) Convergent flake; (5) Discoid core…………………………….112 
Figure 7 - Riparo Tagliente. Lithic industries from the Intermediate Layers. (1) Levallois 
bidirectional core; (2) Levallois preferential core; (3, 4) Unidirectional system type 2 cores. 
……………………………………………………………………………………………………………….… 113 
Figure 8 - Riparo Tagliente. Lithic industries from the Upper Layers. (1) Levallois centripetal 
flake; (2) Levallois unidirectional flake; (3) Levallois convergent flake; (4) Levallois 
preferential core. …………………………………………………………………...………..……………... 114 
Figure 9 - Riparo Tagliente retouched pieces. (1, 5) Scrapers on cortical flakes; (4,7) 
Convergent scrapers on undefined flakes; (2, 3) Levallois retouched flakes; (6, 8, 9) 
Unidirectional retouched flakes. (Drawings 1-3 and 4,5,7,8 modified after Arzarello 
2003)……….…………..116 
Figure 10 - Riparo Tagliente. Levallois and Non-Levallois blade length-width 
ratios……...…118 
Figure 11 - Riparo Tagliente. Levallois and Non-Levallois blade thickness-width ratios……118 
Figure 12 - Riparo Tagliente. Cutting edge angle degrees of Levallois and Non-Levallois blades. 
…………………………………………………………………………………………………………………..119 
Figure 13 - Riparo Tagliente. Blade types. …………………………..................................................120 
Figure 14 - Blade production at Riparo Tagliente. (1) 'S1 type’ Levallois blade from the Lower 
layers; (2) 'S2 type’ Levallois blade from the Intermediate layers; (3) 'S1 type’ Levallois 
elongated flake from the Upper layers; (4) 'S4 type’ non-Levallois blade from the Lower layers; 
(5) 'S3 type’ non-Levallois blade from the Intermediate layers; (6, 7) ‘S1 type’ non-Levallois 
blades from the Upper layers; (8) ‘P1 and P2 type’ non-Levallois blades from the Upper 
layers………………………………………..…………………………………................................................121 
Figure 15 - Riparo Tagliente. Frequencies of the reduction systems………………………..…..122 
Figure 16 - Reduction systems in the main Middle Paleolithic sites from MIS 5 to MIS 3 in the 
Italian peninsula. (1) Grotta del Broion (Peresani & Porraz 2004); (2) Grotta San Bernardino 
(Peresani 1995, 1996); (3) Riparo Mochi (Grimaldi & Santaniello 2014; Yamada 2004); (4) 
Barma Grande (Yamada 1997);  (5) Riparo Tagliente (Arzarello & Peretto 2004, 2005); (6) 
Grotta Ghiacciaia (Bertola et al. 1999); (7) Fumane (Peresani 2012); (8) Grotta La Fabbrica 
(Dini et al. 2007); (9) Grotta del Capriolo (Dini & Koehler 2009); (10) Buca della Iena (Dini & 
Koehler 2009); (11) Grotta Breuil (Lemorini 2000; Grimaldi 1996); (12) Riparo del Poggio 
(Caramia & Gambassini 2006); (13) Grotta Reali (Peretto 2012); (14) Grotta di Castelcivita 
(Gambassini 1997); (15) Santa Croce (Arrighi et al. 2009); (16) Riparo Oscurusciuto (Boscato 
et al. 2011); (17) Grotta del Cavallo (Carmignani 2010; Sarti et al. in press) …………….……123 
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  








Figure 1 - Grotta del Cavallo. Stratigraphic sequence…….…………….…………….……….…….129 
Figure 2 - Flake production. (1-12) Discoid production from levels FI–FII, (13-16) Levallois 
production from the FIIIe-FIIId sub-levels (drawn by L. Carmignani)……………..…………….131 
Figure 3 - Large retouched blade from level FIIIe…………………………………...………..……132 
Figure 4 - Initial production stage. (1) Core “sur tranche”, (2) blank with quadrangular cross 
section, (3, 4) crested blades with two prepared versants, (5, 6) cortical blades (drawn by C. 
Tessaro; models by C. Carmignani) …………………………………………………………………….133 
Figure 5 -  Main production stage.  (1) core, (2, 3) blade with symmetrical cross section (4) 
blade with  as ymmetrical   cross-section (drawn by C. Tessaro, models by C. Carmignani)..134 
Figure 6 - Bladelet production. (1) Core-flake with one refitted bladelet, (2, 3) Bladelet cores 








Figure 1 – Study region and location of the main sites and geographic landmarks mentioned in 
the text. 1: Grotta della Serratura; 2: Sirino Mount; 3: grotta del Romito; 4: Pollino Mount; 5: 
Serra di Crispo; 6: mouth of Bradano river; 7: Ginosa; 8: grotta del Cavallo. Fig. 1 – Région 
d’étude et localisation des sites et des principaux points géographiques mentionnés dans le texte. 
1 : Grotta della Serratura ; 2 : Mont Sirino ; 3 : grotta del Romito ; 4 : Mont Pollino ; 5 : Serra 
di Crispo ; 6 : embouchure de la rivière Bradano ; 7 : Ginosa ; 8 : grotta del Cavallo. 
……….……………………………………………………………………………………………………….…142 
 
Figure 2 – Grotta del Cavallo, Middle Palaeolithic. Variety of mediumfine grained microcrist
alline limestone and limestone sensu strictu sampled in the local Melissano limestone 
formation (photos F. Romagnoli). Fig. 2 – Grotta del Cavallo, Paléolithique moyen. Variété de 
calcaire microcristallin et calcaire sensu stricto échantillonné dans la formation locale des 
calcaires de Melissano (clichés F. Romagnoli)………….…………………………………….………145 
 
Figure 3 – Grotta del Cavallo, Middle Palaeolithic. Chert and radiolarite cobbles sampled in 
the conglomerate of the ‘Bradano trough’ (paleodeposits originating from the hydrological 
system of the Bradano river). This procurement area is located ap-proximately 100 km NW 
from the site. a: thin section of light microcrystalline flint, archaeological sample; b: thin section 
of green radiolarite, archaeological sample (photos F. Romagnoli and F. Trenti). Fig. 3 – Grotta 
del Cavallo, Paléolithique moyen. Galets de silex et radiolarite échantillonnés dans le 
conglomérat de la « Fossa Bradanica » (paléo-dépôts du système hydrique de la rivière 
Bradano). Ce territoire d’approvisionnement est situé environ à 100 km au nord-ouest du site. 
a : lame mince de silex clair microcristallin, échantillon archéologique ; b : lame mince de 
radiolarite verte, échantillon archéologique (clichés F. Romagnoli et F. Trenti)…..………….146 
 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  




Figure 4 – Grotta del Romito, Upper Palaeolithic. A: formations identified as possible raw 
material sources (Carta Geologica d’Italia 1:100,000, sheets 210 and 220 
http://193.206.192.231/carta_geologica_italia/default.htm, modified); B: stratigraphy of the 
cave (photos D. Lo Vetro); C: cores and backed tools, Late Epigravettian, layer C3 (photos D. 
Lo Vetro, drawings L. Bagli-oni); D: procurement area of the lithic raw materials, a: local black 
chert, b: radiolarite sampled from the Noce river valley,  c: exogenous microcrystalline chert 
(photos F. Trenti). Fig. 4 – Grotta del Romito, Paléolithique supérieur. A: formations identifiés 
comme possibles sources de matières premières (Carta Geologican d’Italia1:100000, 
feuilles210and220http://193.206.192.231/carta_geologica_italia/default.htm, modifié); B: 
stratigraphie de la grotte (clichés D. Lo Vetro) ; C : nucléus et outils à dos, Épigravettien final, 
couche C3 (clichés D. Lo Vetro, dessins L. Baglioni) ; D : territoire d’approvisionnement en 
matières premières lithiques, a : silex noir local, b: radiolarite échantillonnée dans la vallée du 
Noce, c : silex microcristallin exogène (clichés F.Trenti)………………………………….……….147 
 
Figure 5 – Archaeological sequence of Grotta del Cavallo (Palma di Cesnola 2001, modified). 
Fig. 5 – Séquence archéologique de la Grotta del Cavallo (Palma di Cesnola 2001, 
modifié)……………………………………………………………………………………...149 
  
Figure 6 – Grotta del Cavallo, Middle Palaeolithic. Production methods and selection of 
rawmaterialvolumesinlayerM(a b)andlayerL(c  d). a: unifacial unipolar debitage, reduction seq
uences aiming at the production of natural backed flakes (1 , 2)orelongated flakes (3 – 4); b: 
bifacial centripetal debitage, classical discoid; c: unifacial centripetal debitage, hierarchical 
discoid, 1-2: Pseudo-Levallois points; d: bifacial centripetal debitage, classical discoid, 1-3 
centripetal flakes (drawings F. Romagnoli). Fig. 6 – Grotta del Cavallo, Paléolithique moyen. 
Méthodes de production et sélection des volumes de matières premières dans les niveaux M (a-
b) et L (c-d). a : débitage unipolaire unifacial, chaînes opératoires dédiées à la production 
d’éclats avec dos naturel (1-2) ou d’éclats allongés (3-4) ; b : débitage centripète bifacial, 
discoïde classique ; c : débitage unipolaire unifacial, discoïde hiérarchisé, 1-2 : pointes pseudo-
Levallois ; d : débitage centripète bifacial, discoïde classique, 1-3 : éclats centripètes  (dessins 
F. Romagnoli) ……………………………………………………………………………………….………150 
 
 
Figure 7 – Grotta del Cavallo, Middle Palaeolithic. Production methods and selection of raw 
material volumes in level F, layers FIIIe – FIIId (a– c) and layers FIIIa - 
 FI (d). a: unipolar Levallois debitage, 1: core, 2: unipolar flake; b: centripetal Levallois  debit
age,1:core,2, 3: centripetal flakes; c: bladebladelet volumetric debitage, 1: refitted bladelet cor
e 2: crest blade, 3– 5: blades; d:bifacial centripetal debitage, classic discoid, 1–
 2: centripetal flakes, 3: pseudo-Levallois point (drawings L. Carmignani and C. Tessaro). Fig. 
7 – Grotta del Cavallo, Paléolithique moyen. Méthodes de production et sélection des volumes 
de matières premières dans le niveau F, couches FIIIe-FIIId (a-c) et couches FIIIa-FI (d). a : 
débitage Levallois unipolaire, 1 : nucléus, 2 : éclat unipolaire ; b : débitage Levallois centripète, 
1 : nucléus, 2-3 : éclats centripètes ; c : débitage volumétrique laminaire et lamellaire, 1 : 
remontage de nucléus à lamelles, 2 : lame à crête, 3-5 : lames ; d : débitage centripète bifacial, 
discoïde classique, 1-2 : éclats centripètes, 3 : pointe pseudo-Levallois (dessins L. Carmignani 





UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  






Figure 1 –Levallois distribution in Europe from the MIS 9 to 6 (from Picin et al 2013)…….158 
Figure 2 - Blades distribution in Europe from the MIS 9 to 3…………………………….…158 
Figure 3 - Possible integration of the blade on the flake substratum…………………………159 
Figure 4 - Grotta Mario Bernardini: A and B – Location of the site; C Simplified stratigraphy 
of Grotta Mario Bernardini (Modified after Borzatti 1970)………………………….............162 






























UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 212 




Table 1 - Payre: Composition of the lithic assemblages of units G and F. ……..……….……… 28 
Table 2 - Payre: Raw material distribution in units G and F. …………………..…..……………… 29 
Table 3 - Bau de l’Aubesier: composition of the lithic assemblages from the lowest part of the 
sequence. ………………………………………………………………………….……………….…………..30 
Table 4 - Payre, numbers of the core types throughout the sequence…………….……………….30 
Table 5 - Payre: determined pieces. Numbers in brackets indicate retouched pieces…………..31 
Table 6 - Bau de l’Aubesier, numbers of core types throughout the sequence………………….39 
Table 7 - Bau de l’Aubesier: parallel plan exploitation cores. ………………………………….…...40 
Table 8 - Bau de l’Aubesier, determined pieces.  Numbers in brackets represent retouched 
pieces…………………………………………………………………….……………………………………...45 
Table 9 -Payre, proportions of retouched and unretouched pieces……..………………………….46 
Table 10 - Payre, proportions of types of retouched pieces………………………………………… 46 
Table 11 - Bau de l’Aubesier, proportions between the retouched pieces and blanks excluded 
the undetermined removals. ……………………………………………………………………..…………48 
Table 12 - Bau de l’Aubesier. Sources of raw material in the Bau de l’Aubesier 
assemblages……………………………………………………………………………………………………52 
Table A - Payre, type A and type B flakes………………………………………………….……………59 
Table B - Payre, Type of platform of Type A and B flakes……………………………..……………59 
Table C - Bau de l’Aubesier, type A and type B flakes………………………………..………………59 
Table D - Bau de l’Aubesier, Type of platform of Type A and B flakes……………………………60 
Table E - Payre, Comparison of the flake techno-types with the incidence of retouch for each 
category. *  Numbers in brackets indicate the number of retouched pieces for each category. 
The % ret column indicates the percentage of retouched pieces for each category. 
………………….………………...………………………………………………………………………………60 
Table F - Bau de l’Aubesier, Comparison of the flake techno-types with the incidence of 
retouch for each category. *  Numbers in brackets indicate the number of retouched pieces for 




UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  





Table 1 -  Overall compostion if the lithic assemblages……………….…………………………… 69 
Table 2 -  Cores and fragmented cores……………………………………………………………..…….71 
Table 3 -  Blades and flakes products…………………………………………………………..………...71 
Table 4 -  Cores tecno-type…………………………………………………………..……………………..72 
Table 5 -  Kombewa cores variability …………………………………………………………………….77 
Table 6 -  Removals techno types…………………………………………………………………………80 
Table 7 -  Blades and flakes removals excluding the fragmented pieces…………………….……83 
Table 8 -  Blades and bladelest elongation parameters…………….……………………….…………83 
Table 9 -  Volumetric and surface blades composition ………….……………………………………86 
Table 10 -  Platfrom modification…………………………………………………………………………86 
Table 11 -  Edge platform modification………………….………………………………….……………87 
Table 12 -  Blades technotype ……………………………………………………………..………………88 
Table 13 -  Bladelets techno type…………………………………………………………………………..91 
Table 14 -  Bladelets longitudinal profile………………………………………..……………………... 91 
Table 15 -  Bladelets platfrom…………………………………………………………...…………………91 
Table 16 -  Bladelets edge platfrom. ……………………………………………………………..………92 
Table 17 - Incidence of the retouch on the flakes, blades and bladelets…………………………….93 
 
Table A – Determined fragmented pieces………………………………………………………………97 
Table B – Entire determined removals from the Moulin Trench Area……………………...……98 






Table 1 - Riparo Tagliente. Frequencies of débitage classes and cores …………………………108 
Table 2 - Riparo Tagliente. Core types. …………………………………..……………………………109 
Table 3 - Riparo Tagliente. Frequencies of retouched and unretouched pieces. ………….……115 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
 214 
Table 4 - Riparo Tagliente. Comparison between degree of retouch and débitage types…....115 
Table 5 - Riparo Tagliente - Frequencies of blades and flakes. Cores and undetermined 
fragments are excluded from the count……………………………………………………..………..….117 
Table 6 - Riparo Tagliente. Blade classes and distinction between fragmented and whole 
pieces…………………………………………………………………………………………………………..117 





Table 1 - Determined and undetermined pieces……………………….……………………..………130 
Table 2 - Flake and blade production quantification……….………………………….……………132 
Table 3 - Integrity of blade production………………………………………………..…….…………132 
Table 4 - Blade production techno-types and cores. Excludes undetermined broken blades.  
…………………………………………………………………………………………………………………..133 
Table 5 - Sites with blade production during the MIS 4/3 in the Italian peninsula. ………….…137 
 
CHAPTER 6 
Table 1 – Grotta del Romito. Radiocarbon dates.Tabl. 1 – Grotta del Romito. Datations 
radiocarbone…………………………….……………………………………………………………………148 
 
Table 2 – Grotta del Cavallo, Middle Palaeolithic. Distribution of the lithotypes in the layers 
that are presented in this paper. Table. 2 – Grotta del Cavallo, Paléolithique moyen. Répartition 
des lithotypes dans les niveaux présentés dans le texte. ……………………………………..…… 149 
Table 3 – Grotta del Cavallo, Middle Palaeolithic. Distribution of local and exogenous raw 
materials in the layers that are presented in this paper. Tabl. 3 – Grotta del Cavallo, Paléolithique 
moyen. Répartition des matières premières locales et allochtones dans les niveaux présentés 







UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  


































UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  


















Supplementary Files  

























UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
































UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  






UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  






UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  





UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  






UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  





UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  








UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  










UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  










UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  










UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  











UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  










UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  








UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  











UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  










UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  











UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  








UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  










UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  










UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  











UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  













UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  












UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  












UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  












UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  






UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  











UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  










UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  










UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  









UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  











UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  











UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  




UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
260 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
261 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
262 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
UNIVERSITAT ROVIRA I VIRGILI 
FROM THE FLAKE TO THE BLADE:  
THE TECHNOLOGICAL EVOLUTION OF THE MIDDLE PALEOLITHIC BLADE PHENOMENON 
Leonardo Carmignani 
